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MATERIALS SCIENCES

Division of Physical Research

Introduction:

The Materials Sciences subprogram of the Division of Physical Research
supports basic materials research in energy related areas of interest
To ERDA. While organizationally the Division of Physical Research is
located under the Assistant Administrator for Solar, Geothermal and
Advanced Energy Systems, the mission of the Division is to provide
the physical research base for all ERDA activities. In addition to
the Materials Sciences subprogram, other programs are administered by
the Division's Nuclear Sciences, Molecular, Mathematical and Geo-
sciences, and High Energy Physics Offices.

Materials Sciences research is supported primarily at ERDA National
Laboratories and universities and to a lesser extent at industrial
laboratories. The research covers a spectrum of scientific and
engineering areas of interest to ERDA and is conducted generally
by personnel trained in the disciplines of Solid State Physics,
Metallurgy, Ceramics and Chemistry. The overall goals of the program
are summarized in the following:

1. To advance the understanding of basic structures,
mechanisms and phenomena governing properties and
behavior of matter in the condensed state.

2. To provide a foundation for materials technology
through the development of basic knowledge in
Materials-related energy problem areas of interest 4o EPA.

3. To exploit the unique capabilities and facilities
existing in ERDA Laoratories for conducting
national materials sciences programs.

Most of the research is conducted at the ERDA multiprogram laboratories
in close proximity to the applied programs. In this manner, the
transfer of new information and techniques into technology is facilitated
while at the same time the needs of the applied programs are brought
to the attention of the basic research community. Special attention
is also given to research capabilities residing in universities. Support
of research in universities is justified on the basis of research
opportunities at these institutions. Here, recognition is also given
to the fact that highly trained manpower in the critical area of materials
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science will result whose skills will be oriented toward energy
technologies.

Funding for the Materials Sciences subprogram for FY 1976 was 43.9 M$
in operating budget outlays. The research programs are described in
considerable detail in the publication Materials Sciences Programs
FY 1976 available as ERDA publication 76/123. The report also con-
tains a convenient index to various subjects of interest.

Figure 1 shows the distribution of funding for the Materials Sciences
program as planned for FY 1977, by laboratory. Note that the portion
of the program entitled Contract Research is that which is made up
of projects funded via the unsolicited proposal route and consists
of mostly university projects. Figure 2 shows the distribution of
funding by topical area.

In the following, a very brief description of materials sciences
research is given by title and institution in two categories, Major
Laboratories and Contract Research. Further information is available
in ERDA 76/123. All funding is given in thousands of dollars, FY 1976
level.

Major Laboratories:

Ames Laboratory, (Gschneidner, Kliewer, Corbett) $4600

Research is underway on structure of materials, mechanical properties,
physical properties, radiation effects, neutron scattering, magnetic
properties of solids, nuclear resonance in solids, superconductivity,
thermodynamic and transport properties of solids, optical and spectro-
scopic properties of solids and liquids, rare earth metals preparation,
optical and surface physics theory, superconductivity theory, magneti
and electronic properties of solids theory, x-ray and neutron crystal-
lography, low oxidation states in inorganic systems, chemistry of
heavy transition metals, liquid metals, metals from fly ash, thermal
Remittance properties of materials, mass transfer and transport in
.fluids and particulate systems, high temperature chemistry and surface
chemistry and catalysis.

Argonne National Laboratory, (Peterson, Price, Fields, Burns) $10,700

Research is underway on alloy properties, scattering studies, physical
metallurgy, properties of high-temperature MHD materials, catalysis
and surface studies, mechanical properties-plasticity, mechanical
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properties-erosion and wear, metal physics, superconductivity,
charged-particle irradiation, neutron irradiation, kinetic studies,
diffusion studies, neutron scattering studies, materials sciences
research with the prototype pulsed neutron source, materials
preparation and characterization, defects and impurities in non-
metalic systems, low temperature studies, superconductivity studies,
phase transitions and catalysis, magnetic properties, electronic
properties, light scattering and acoustics, solar materials,
refractory materials with MHD applications, solid state theory,
particle solid interactions, neutron scattering and x-ray diffraction
studies, physical and surface chemistry of energy systems, low
temperature calorimetry, high temperature chemistry, liquid metals
chemistry, molten salt chemistry, chemistry of materials, thermodynamic
properties of inorganic substances, physical chemistry of electro-
chemical energy storage and heat transfer materials and metastable
fluids.

Brookhaven National Laboratory, (Gurinsky, Blume) $4,700

Research is underway on superconductivity and relationship between
properties and structures, radiation damage, neutron scattering-
magnetic systems, neutron scattering-phase transitions, neutron
scattering-elementary excitations in solids, neutron scattering-
partially ordered systems, superconductivity, surface studies,
low temperature physics, spectroscopy of solids, theoretical
research, radiation effects research, properties of real solids
and advanced materials synthesis and characterization.

Idaho National Engineering Laboratory, (Keiser) $ 60

Research is underway on geothermal scaling and corrosion research.

University of Illinois, (Maurer) $1,540

Research is underway on electronic structure and magnetism of transition
metal alloys, dynamic structure of supercritical dense water and
aqueous electrolyte solutions, physics of refractory materials,
localized corrosion of passive metals, interstitial solid solutions,
hydrogen behavior in BCC metals, applications of electron microscopy
in materials science, deformation of reinforced metals, the mechanism
of stress-corrosion cracking, precipitation in refractory metal alloys,
dielectric solids, nuclear magnetic resonance studies of metals and
polymers, physical and catalytic properties of catalysts, use of very
high pressure to investigate the structure of matter, anharmonic
effect in solids, defect properties of solids, properties of noble
gas crystals, nuclear magnetic resonance in solids, radiation damage
in solids, impurities in superconductors, response of solids to
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electromagnetic radiation and low temperature studies of defects
in solids.

Lawrence Berkeley Laboratory, (Shirley) $3,890

Research is underway on microstructure properties and alloy design-
electron diffraction and microscopy, powder metallurgy, theoretical
problems in alloy design, fundamentals of alloy design, relations
between dislocations, point defects and properties of crystalline
materials, superconductivity effects-high field superconductivity,
microstructure and mechanical behavior of ceramic materials: and
glass-and ceramic-metal systems, high temperature reactions,
relation of microstructure to properties in ceramics, structure and
electrical properties of composite materials, far infrared spectro-
scopy, experimental solid state physics and quantum electronics,
excited quantum fluids in solids, superconductivity, superconducting
devices, and 1/f noise, theoretical solid state physics, high pressure
chemistry, low-temperature properties of materials, mass and charge
transport in electrochemical systems properties of nonaqueous
ionizing solvents, high temperature thermodynamics, chemistry and
materials problems in energy production technologies, crystallization
kinetics, electrochemical phase boundaries, solid state and surface
reaction studies, and nuclear magnetic resonance.

Lawrence Livermore Laboratory, (Roberts) $ 320

Research is underway on hot corrosion studies related to fossil fuels,
low index materials, optical coatings, and D2-DT-T 2 phase diagram.

Low Alamos Scientific Laboratory, (Baker) $ 610

Research is underway on high temperature materials for energy appli-
cations, high temperature neutron damage studies, CTR related

-._-chemical research tritium chemistry associated with the lithium
blanket and container materials, and Los Alamos equation of state
l.. ibrary. .. .. .... .. ....- - -

Mound Laboratory, (Wittenberg) $ 125

Research is underway on liquid metals research.

Oak Ridge National Laboratory, (McHargue, Wilkinson, Keller) $10,640

Research is underway on ceramics research,'preparation and synthesis
of high temperature and special service materials, theory of the solid
state, x-ray diffraction research, deformation and mechanical properties,
kinetics and mechanisms of surface and solid state reactions, energy
transport in solids, metallurgy of superconducting materials, radiation
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effects, elementary excitations in condensed matter, magnetic
properties of solids, properties of defects, superconductors,
and hydrides, physical properties of ceramics, physical properties
of superconductors, research and development on pure materials,
surface studies and catalysis, photophysical processes of solar
energy conversion, theory of condensed matter, low temperature
radiation effects, x-ray diffraction and electron microscopy,
ion bombardment, normalization of ion and neutron damage, chemical
structure of energy-related materials, basic materials chemistry
related to fusion reactor systems, thermodynamics and transport
in molten salts and hydrous melts, surface chemistry, and electro-
chemical kinetics and corrosion.

Pacific Northwest Laboratory, (Nelson) $ 830

Research is underway on ceramics for energy applications, structure-
property relationships in sputter-deposited materials for solar
applications, optical and laser material study, oxidation, corrosion,
and wear resistant fine-grained materials, sputter-deposited super-
conductor research, transuranium physical metallurgy research and
radiation effects on metals.

Sandia Laboratories, (Galt, Murphey) $ 200

Research is underway on defects and impurities in ion-implanted
insulators and semiconductors, surface physics research, and
gases in metals.

Contract Research:

Arizona State University

Solid State Chemistry of Rare Earth Oxides, (Eyring) . $ 55
Imaging Surfaces and Defects in Crystals, (Cowley) ... $ 52
Study of Ferrite Formation in Neutron

Irradiated Austenitic Stainless Steels, (Stanley) .. $ 29

Brown University

A Combined Macroscopic and Microscopic Approach
to the Fracture of Metals, (Gurland, Rice) ......... $ 85
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California Institute of Technology

Studies of Alloy Structures and Properties, (Duwez) ..... $170
Metals Hydrides with Multiple Pulse Nuclear

Magnetic Resonance Techniques, (Vaughan) .............. $ 53

University of California/Los Angeles

High Temperature Irradiation Damage and Precipitation
Hardening in NI-Base Alloys, (Ardell) ................ $ 75

Fourier Space Computer Simulation of Crystalline
Imperfections, (de Fontaine) ......................... $ 39

University of California/Riverside

Theoretical Aspects of Superconductor, (Simanek) ....... $ 77

University of California/San Diego

The Response of Superconductors to Variations in
Impurity Content and Applied Pressure, (Maple) ........ $125

Research on the Properties of Materials at
Very Low Temperatures, (Wheatley) ..................... $214

University of California/Santa Barbara

Resonance Studies of Superionic Conductors, (Jaccarino).. $ 41

Carnegie-Mellon University

Generalization of Internal Centrifugal Zone Growth
of Metal-Ceramic Composites, (Sekerka) ................ $ 36

Case Western Reserve University

Coupled Diffusion Phenomena in Multicomponent
Glasses and Glass Forming Liquids, (Cooper) ........... $ 52

Dislocation-Solute Atom Interactions in
Alloys, (Gibala) ...................................... $ 53

Experiments in High Voltage Electron Micro-
scopy, (Mitchell) ..................................... $ 77

Elastic and Plastic Strains and the Stress
Corrosion Cracking of Austenitic Stainless
Steels, (Troiano) ................... ....... ......-... $ 39



- 7 -

University of Chicago

The Study of Phonons and Electronic Processes in
Ordered and Disordered Solids, (Solin) .................... $ 55

University of Cincinnati

Flux Pinning and Flux Flow Studies in Superconductors
Using Flux Flow Noise Techniques, (Joiner) . ...... ....... $ 39

Radiation Effects on BCC Refractory Metals and
Alloys, (Moteff) ................................ .... $ 44

Clarkson College of Technology

Nucleation of Voids, (Katz) ..................................... $ 23

University of Colorado

Critical Scattering of Laser Light By Bulk Fluids
and Thin Fluid Films, (Mockler, O'Sullivan) ............... $ 59

Colorado School of Mines

Liquid Lithium Corrosion and Corrosion-Fatigue
Research, (Olson, Matlock) ................................ $ 46

Columbia University

High Temperature Transport Properties and Processes
of Gases and Alkali Metals, (Bonilla) .................... $ 47

University of Connecticut

Electrode Polarization Studies in Hot
Corrosion Systems, (Devereux) ............................ $ 41

Electron-Dislocation Interactions at Low
Temperatures, (Galligan) ................................. $ 41

Cluster Carburizing, (Morral) .............................. $ 39

Cornell University

Influence of Grain Boundaries on the Electrical Transport
Properties of Polycrystalline SI Film, (Ast) . ........... $ 25

Structure and Properties of Grain Boundaries, (Balluffi) .... 82
Reduction of Mixed Spinel Oxides, (Delonghe) .......... 42
Environment and Fracture, (Johnson) ......................... $ 59
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Cornell University, continued

Theory of Structure and Dynamics in Condensed
Matter, (Krumhansl) ....................................... $120

Mechanical Behavior of Materials and Structural
Elements at Elevated Temperatures, (Lance) ............... $ 60

Mechanical Properties of Crystalline Solids, (Li) ........... $ 63
Probabilistic Models of the Stress-Rupture of

Composite Materials, (Phoenix) ............................ $ 32
Experimental Phonon Physics, (Pohl, Sievers) ................ $250
Defects in Metal Crystals, (Seidman) ........................ $180

Dartmouth College

Theory of Electron-Phonon Scattering Effects in
Metals, (Lawrence) ........................................ $ 28

Experimental Determination of the Temperature
Dependence of Metallic Work Functions at Low
Temperatures, (Pipes) ..................................... $ 28

Drexel University

Strain Hardening and Ductility of Iron: Axisymmetric vs.
Plane Strain Elongation, (Langford) ....................... $ 43

University of Florida

Quantitative Analysis of Solute Segregation in
Alloys by Transmission Electron Microscopy,
(Hren, Hartley) ........................................... $ 43

Deformation Processes in Refractory Metals, (Reed-Hill) ..... $ 40

Georgia Institute of Technology

Investigations of Relationships Between Micro-
structure, Magnetic Properties and the Hydriding
Processes in Intermetallic Compounds of Rare
Earth and Transition Metals, (Livesay) .................... $ 60

Georgetown University

The Study of Very Pure Metals At Low Temperatures,
(Gregory) ............................... ................. $ 70

University of Hawaii

Pressure Derivatives of Elastic Moduli in BCC Transition
Metals and their Solid Solutions, (Manghnani) ............. $ 38
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University of Hawaii, continued

Photoelectric Emission from Thin Films in the Vacuum
Ultraviolet Region, (Pong) ................................. $ 33

University of Houston

Microstructural Studies of Hydrogen and other Inter-
stitial Defects in BCC Refractory Metals, (Moss, McIntire) $ 54

Howard University

Radiation Damage in Optically Transparent
Materials (Zircons), (Thorpe) ....................... ....... $ 20

Illinois Institute of Technology

Thermal and Electrical Measurements on Solids at
Low Temperatures, (Weinstock) .............................. $200

University of Kansas

High Temperature Chemistry, (Gilles) ......................... $ 60

Lehigh University

Pressure Sintering and Creep Deformation-A Joint
Modeling Approach, (Notis) ................................. $ 48

Marquette University

Defect Structures in Nonstoichiometric Oxides, (Blumenthal) .. $ 69

University of Maryland

An Investigation of Irradiation Strengthening of BCC
Metals and Solid Solutions, (Arsenault) .................... $ 52

Alloy Strengthening Due to Atomic Order, (Marcinkowski) ...... $ 31

Massachusetts Institute of Technology

High Temperature Properties and Processes in
Ceramics, (Bowen, Wuensch) ................................. $ 92

Thermal Neutron Scattering Studies of Molecular
Dynamics and Critical Phenomena in-Fluids and
Solids, (Chen, Yip) ........................................ $ 80

The Luminescence Process in Chemical Reactions, (Gole) ....... $ 57
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Massachusetts Institute of Technology, continued

Basic Research in Crystalline and Noncrystalline
Ceramic Systems, (Kingery, Coble) ........................... $408

Low Temperature and Neutron Physics Studies, (Shull) .......... $ 94

Michigan State University

Properties of Rare Gas Solids, (Pollack) ........................ $100

Michigan Technological University

A Study of Grain Boundary Segregation Using the Auger
Electron Emission Technique, (Stein, Heldt) ................. $ 56

University of Minnesota

Analysis of the Ductile-Brittle Transition Temperature
in Febinary Alloys, (Gerberich) ............................. $ 42

Experimental Investigations in Solid State and Low
Temperature Physics, (Goldman, Weyhmann, Zimmerman) ......... $177

In-Situ Electron Microscope Investigation of the
Nucleation and Growth of Sputtered Thin Films
(Hutchinson) ................................................ $ 41

National Academy of Sciences/NRC - National Materials Advisory Board

Contingency Plans for Chromium Utilization .................... $ 50

National Academy of Sciences/NRC

An Assessment of the National Need for Facilities
Dedicated to the Production of Synchrotron
Radiation, (Reed) ........................................... $ 25

State University of New York/Stony Brook

Applications of Microdynamics and Lattice Mechanics
to Problems in Plastic Flow and Fracture, (Bilello) ......... $ 54

University of North Carolina

Investigation of Defect Structures by Electric
Polarization and Relaxation Methods, (Crawford) ............. $ 79



North Carolina State University

Sorption of Cesium by Graphites at High
Temperatures, (Zumwalt) ..................................... $ 48

Northwestern University

Effect of Point Defects on Mechanical Properties
of Metals, (Meshii) ......................... ................ $ 54

Basic Research on Ceramic Materials for
Energy, (Whitmore) .......................................... $ 65

Ohio State University

Fundamental Studies of Metal Fluorination Reactions, (Rapp) ... $ 65
Hydrogen Attack of Steel, (Shewmon) ............ ............... $ 40
Corrosion, Stress Corrosion Cracking, and Electro-
chemistry of the Iron and Nickel Base Alloys in
in Caustic Environments, (Staehle, Agrawal) . ............... $ 53

Oklahoma State University

Electronic Structure of Defects in Oxides, (Summers) .......... $ 23

Pennsylvania State University

Ceramic Research, (Bradt, Hoke) ............................... $ 33
Studies of Mechanical Properties and Irradiation

Damage Nucleation of HTGR Graphites, (Thrower) .............. $ 30
Structure of Glasses Containing Transition

Metal Ions, (White) ......................................... $ 50

Purdue University

Transport and Thermodynamic Properties of Solids, (Grace) ..... $ 40
High Temperature Effects of Internal Gas Pressures
in Ceramics, (Solomon) ...................................... $ 52

Rensselaer Polytechnic Institute

The Effect of Welding Variables on the Solidification
Substructure, Mechanical Properties and Corrosion
Behavior of Austenitic Stainless Steel Weld Metal
(Savage, Duquette) .......................................... $ 43

Fatigue Behavior of BCC Metals, (Stoloff) ... ........... $ 30
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University of Rochester

The Materials and Mechanics of Rate Effects
in Brittle Fracture, (Burns) .............................. $ 43

Diffusional Creep of Multicomponent Systems, (Li) .......... $ 38

University of Southern California

Electrical and Mechanical Properties of Oxide
Ceramics, (Kroger) ................................. ...... $ 55

Grain Boundary Sliding During High-Temperature
Creep, (Langdon) .................................... $ 70

Stanford Research Institute

Chemistry of Zirconium Related to the Behavior of
Nuclear Reactor Fuel Cla44ing, (Cubicciotti) .............. $135

Stanford University

Photovoltaic Materials Research - II-VI Heterojunctions
and Cu2S/CdS Thin Films, (Bube) ........................... $ 80

Structure Dependence of High Temperature Deformation
of Metals, (Nix) .......................................... $ 60

Diffusion of oxygen in Liquid Metal Systems
(Stevenson) ............................................... $ 36

University of Tennessee

Microstructure-Property Relationships in Austenitic
Stainless Steels, (Spruiell) .............. ......... .. $ 26

Application of Adiabatic Calorimetry to Metal
Systems, (Stansbury, Brooks) ............................. $ 37

U. S. Steel Corporation

Studies of Fundamental Factors Controlling Catalyzation
of Reactions of Gases with Carbonaceous Solids, (Mahoney) . $ 75

University of Utah

Positron Lifetime Measurements as a Non-Destructive
Technique to Monitor Fatigue Damage, (Byrne, Ure) ......... $ 49

Impurity Effects on the Creep of Polycrystalline
Magnesium and Aluminum Oxides at Elevated
Temperatures, (Gordon) ............................... .... $ 36
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Varian Associates

Research on Lattice Mismatched Semiconductor
Layers, (Bell, Antypas) ................................... $ 70

University of Vermont

Thermodynamic and Transport Properties of Inter-
stitial Hydrogen Isotopes in Metal Systems, (Brown) ....... $ 22

University of Virginia

Electronic Properties of Metals and Alloys, and
Molecules, (Coleman) ...................................... $ 95

University of Washington

A Study of Phase Transformations and Super-
conductivity, (Polonis) ................................... $ 11

University of Wisconsin

Void Nucleation and Growth in Heavy Ion and Electron
Bombarded Pure Metals, (Kulcinski) ........................ $70
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Title: Reference (U, Pu)02 LMFER Fuel Development Program

Contract Contractor Principal Investigator

AL 0036 LASL G. R. Waterbury

CH 0038 ANL C, M1. Walters

CH 3045 WARD A. Boltax

FF 2170 HEDL W. E. Roake

SF 893 GE E. A. Aitken and M. G. Adamson

FY 1976 Funding Level
14247 K

Objective and Scope

To demonstrate safe and reliable performance of reference LMFBR fuel and
blanket assemblies under steady-state and design transient conditions and
establish the inherent performance capability, mode and consequences of
fuel failure.

AL 0036 Examination of unirradiated and irradiated 'LMFBR fuels and to
develop the chemical analytical methods necessary to such
examinations

CH 0038 Gives direct support to LMFBR core-design efforts by providing
experimental results and analyses on the in-reactor deformation
and fracture of stainless steel

CH 3045 Testing and evaluation of the critical features of mixed oxide
fuel pin and radial blanket pin behavior in fast reactor environmcnt

FF 2170 Provides fuel/cladding data and physical/chemical behavior of mixed
oxide/stainless steel clad fuel systems in a fast reactor environment

SF 893 Understanding the chemical behavior of irradiated fast reactor
mixed oxide fuels under normal and failed operation to provide a
comprehensive basis for code prediction of fuel performance



Title: Advanced L RF'e! Reactor Fuel and Cladding Development

Contract Contractor PrincipalInvestigators

AL 0036 LASL J. L. Green and K. W. R. Johnson

CI 0038 ANL J. H. Kittel

CH 0092 BMI D. L. Keller

CH 2107 Un. of Cinn. J. Moteff

CH 3045 WARD M. L. Bleiberg and J. S. Theilacker

FF 2170 HEDL J. J. Laidler and J. E. Hanson

HQ 9999 NRL F. A. Smidt, Jr.

OR 0022 ORNL V. J. Tennery

SF 0824 AI L. J. Jones

SF 894 GE W. K. Appleby

SF 0034 UCLA A. R. Wazzan

FY 1976 Funding Level
13034 K

Objective and Scope

To develop advanced LMFBR fuel and core structural materials which are
capable of producing breeding ratios of at least 1.30, doubling times of
15 years or less, and peak burnup capabilities of 150,000 ,:1?D/T and
introducing these systems into commercial fast reactors.

AL 0036 Fabrication of mixed (U, Pu)C fuels for radiation testing in fast
reactor environmentrs, determination of such fuels stability under
steady state and transient operation conditions, and to coordinatLe
the national advanced fuels fabrication program.

CH 0038 Evaluate the irradiation test results of the fast reactor advanced
fuels program and to coordinate the advanced LNYBR fuel development
program.

CH 0092 Development of technology and fabrication processes for the
production of mixed (U, Pu)N fast reactor fuels.

Cl1 2107 Determine the effects of elevated temperature deformation on
dislocation microstructure of LMFBR clad/duct alloy materials.

CH 3045 Fabrication of mixed carbide fuel pins for testing in fast reactor
environment; participation in the national prograin to develop
advanced. allovs for cladding and duct use.



FF 2170 Investigate a mixed oxide system which will meet the objectives ok
LMFBR fuels as stated above; central coordinator and major
participant in the national program for advanced alloy developm:ent.

IIQ 9999 Participation in the national development for improved clad/duct
alloy materials.

OR 0022 Participation in the development and testing of advanced alloys for
cladding and ducts.

SF 0824 Design, fabricate, and test advanced mixed carbide fuels.

SF 894 Participate in the national program for the design and testing of
advanced core materials for LiFBRI systems.

SF 0034 Analyze and determine the performance of mixed carbide and nitride
fuels for use in the steady state and non-equilibrium conditions
in fast reactors.



Title: Materials Engineering

Contract Contractor Principal Investigator

CW 135 WARD G. R. Taylor

FF 088 HEDL H. H. Yoshikawa

IA 007 ANC D. W. Hood

IA 009 ANC G. E. Korth

OH 103 ORNL G. M. Slaughter

SA 015 AI R. V. Anderson

SG 029 - GE C. N. Spalaris/P. Ring

FY 1976 Funding Level

2042 K

Objective and Scope

To develop fabrication methods and manufacturing processes suitable for the
economical production of LMFBR reactor plant components.

CW 135 Determine effects of environment on cracking behavior and
corrosion of piping.

FF 088 Provide and maintain a materials properties data handbook.

IA 007 Provide advancements in welding technology.

IA 009 Develop mechanical properties data for Alloy 718.

OH 103 Develop fabrication methods for large diameter pipe and fittings.

SA 015 Develop flexible pipe joints.

SG 029 Provide tubes and tubesheets, develop NDE application methods,
optimize water chemistry and establish welding procedures for
CRBRP steam generators.

\



Title: Hardsurfacing Alloys

Contract Contractor Principal Investigator

CW 064 WARD P. Murray

FF 129 HEDL J. Spanner

SL 009 LMEC J. Droher

FY 1976 Funding Level

820 K

Objective and Scope

This program involves development and testing of hardsurfacing techniques
for use on mechanical interfaces which require low friction movement without
self welding in a sodium or inert gas environment. Existing argumnent
interface designs are worked up and tested for the perfor.nance of the
hardsurfacing. Test data is reduced to design form and put in the Nuclear
Systems Materials Handbook.

CW 064 Friction, Wear, and Self Welding

FF 129 Hardfacing Alloy Development

SL 009 Friction and Wear in Sodium



Title: Sodium Technology

Contract Contractor Principal Investigator

SG 028 GE C. Spalaris

CA 024 ANL R. Weeks

CW 065 WARD P. Murray

FF 129 HEDL R. Cash

SA 007 AI J. Asquith

FY 1976 Funding Level

2370 K

Objective and Scope

This program is delineating the effects of a sodium environment on LiUFBR
structural alloys for fuel cladding, piping, vessels, steam generators
and an elastomeric seal material. The scope includes corrosion, mass
transfer and mechanical property studies. The data is reduced to design
data form and then put in the Nuclear Systems Materials Handbook. Work
involves existing commercial alloys and advanced, developmental alloys
and elastomers.



Title: Structural Alloys - Fabrication

ContraContrt Contractor Princ ipa Investigator

OH 028 ORNL P. Patriarca

FY 1976 Funding Level

1150 K.

Objective and Scope

The purpose of steam generator materials development is to provide engineering
design dat'a and information on materials necessary for fabrication and
operation of steam generators for CRBRP, PLBR, and CrBR-1 plants. This
includes development for both the IHTS and sodium-water steam generators.



Title: Structural Materials -- Mechanical Properties

Contract Contractor Principal. Invest:i ator

CA 008 ANL D. Diercks

FF 125 HEDL R. Knecht

HH 010 NRL L. Stecle

OH 024 ORNL G. M. Slaughter

OH 038 ORNL ]P. Patriarca

OH 050 ORNL C. Brinkman

SC 007 UCLA A. Tetelman

FY 1976 Funding Level

2443 K

Objective and Scope

The purpose of the structural materials mechanical property programs are to

provide irradiated and unirradiated data and structural analysis for the

design, operations, support and safety analysis of FTR/CRBRP/PLBR components

and structures. This includes development to obtain design data, etc., on

base materials and weldments for commercial and developmental structural

alloys.

CA 008 Fracture and Low Cycle Fatigue

FF 125 Radiation Effects on Structural Materials

HH 010 Advanced Structural Materials Development

OH 024 Mechanical and Metallurgical Behavior of Weldments for LMFBR

OH 050 Mechanical Properties for Structural Materials

SX 007 High Temperature Deformation and Fracture of Reactor Steels'



Title: NDT

Contract Contractor Principal Investigator

CA 009 ANL K. Reiman

FF 029 HEDL J. Spanner

OH 061 ORNL R. McClung

FY 1976 Funding Level

435 K

Objective and Scope

The purpose of the development effort is to establish nondestructive test
techiques, standards, procedures and equipment to assess the quality and

integrity of materials in fabricated components and reactor systems. The
scope includes development for pre-service and in-service inspection (ISI)
methods for LMFBR reactor systems and components.

CA 009 NDT Support-Components, Assemblies, Pins

FF 029 Nondestructive Application Engineering

OH 061 Nondestructive Testing



DMA MATERIALS RESEARCH AND DEVELOPMENT PROGRAM

The DMA Materials Research and Development Program is directed toward basic
material science, the understanding and development of advanced materials
and fabrication technology, and the development of material and processes
required to produce nuclear and nonnuclear parts. These materials research
and development programs are contained in our budget under the following
categories.

Development Capability

- Supporting Research: Includes material research which is fundamental
to weapon development. Work is directed toward development of analytical
procedures and nondestructive test methods needed to support ongoing
weapon development programs and toward development and characterization
of materials. Supporting materials research is required where the design
engineer's ability to apply materials is limited by lack of understanding
of basic materials phenomena. Typical research areas include: plutonium
and actinide research, chemical high explosives, inorganic-material syn-
thesis, chemical-characterization support, material-characterization
studies, surface studies, theoretical material research, equation of
state, nondestructive testing, structural materials and electronic materials.
This category of research is performed at the three weapons laboratories--
LASL, LLL, and Sandia. The total estimated funding for FY 1976 is $9.6H.

- Materials and Fabrication Technology; Includes the understanding of
advanced materials and their potential application through studies of
the mechanisms which influence material behavior, failure criteria,
determination of properties, and the development of processes to formulate
new materials. Specifically includes the application of materials to
engineering techniques and the development of fabrication technology. This
materials program is directed toward providing well characterized materials
forlong-term predictable weapon concepts. This research is performed
at the three weapons laboratories--LASL, LLL, and Sandia. The total
estimated funding for FY 1976 is $16.4M.

Production and Surveillance

- Process Development: Includes work done by the production plants in the
development of material and processes required to produce nuclear and
nonnuclear parts. Development work is performed on new materials and
production processes for weapon concepts in advanced development, engineering
development, and production phases. It also includes manufacturing research
and development work to improve existing processes for efficiency and
safety. This program is conducted by the seven production contractors--
Bendix, Rockwell International, Monsanto, General Electric, Mason and Hanger,
Union Carbide and duPont. The total estimated funding for FY 1976 is $33M.
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The following pages present selected material program summaries of the
three weapons laboratories. These summaries are not presented in the budget
category formats discussed above. The funding levels are estimates only. In
addition, these summaries do not include all the material research being
conducted by the laboratories. Summaries have not been prepared'by the
production contractors since most of the efforts are classified.
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LASL Materials Program

METALLURGY

Plutonium Metallurgy Principal Investigator: R. N. R. Mulford
FY 1976 Funding: $123K

A vigorous effort exists to determine the mechanical properties of pure
plutonium and plutonium alloys. The conventional properties such as uniaxial
tensile and compressive strengths and elongations are measured over a range
of strain rates from 10-5 to 100 per second. The influence of processing
heat treatments and fabrication variables on the mixture and stability of
plutonium allotropic phases and the resulting mechanical properties is inves-
tigated. Future plans involve the investigation of the effects of multi-
axial stress on these alloys. Stresses encountered in actual applications
are almost always multi-axial, and mechanical properties of a metal are
frequently a strong function of stress biaxiality. It is thus important to
develop data on material properties that are more detailed than the conventional
uniaxial tensile measurements. Such information does not now exist for
plutonium and its alloys.

Phase Relations in Plutonium Metallic Systems
Principal Investigator: R. N. R. Mulford
FY 1976 Funding: $300K

This project has in the past produced a considerable body of knowledge about
binary and ternary composition-temperature phase diagrams. The quantity of
effort in this category has diminished recently, mainly because most of the
metallic elements in the Periodic Table have been covered. However, there
is currently some effort devoted to determination of the structures of inter-
metallic compounds, particularly the compounds of plutonium with the noble
metals Pt, Ir, Os, and Pd. In addition, phase relations of a few special
plutonium systems containing low concentrations of alloying element are being
investigated with special attention to transition temperatures, impurity
effects, rates of transition, and the structures of the phases resulting
from transitions. In connection with binary plutonium phase systems., we are
doing splat-cooling experiments in which alloys are quenched very rapidly from
the liquid state by firing a droplet of liquid onto a cooled target. Non-
equilibrium phases are produced. Knowledge of the properties of the nonequi-
librium phases improves our understanding of the properties of equilibrium
phases and contributes to understanding of the bonding in plutonium alloys.

We have also done high pressure phase studies on plutonium and its alloys.
Equipment is available which will reach 60 kb under static conditions.
P-V-T diagrams have been produced which define the ranges of stability of
the various plutonium phases.

A small effort exists to develop better techniques for bonding various metals
to plutonium.
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Computer Simulation of Metal Casting
Principal Investigator: D. J. Sandstrom
FY 1976 Funding: $52K

A continuing study is under way to develop computer codes and graphics
techniques for modeling metal casting processes. This technique allows one
to design casting molds to optimize mold design and subsequent properties
and casting quality. We are currently using standard heat transfer codes
to study the mold filling and solidification process for uranium metal
castings.

Micro-Computer Control of Electron Beam Welding Equipment
Principal Investigator: D. J. Sandstrom
FY 1976 Funding: $70K

We are currently performing a feasibility study aimed at demonstrating the
practicality of using microprocessors (micro computers) for controlling a
very complex electron-beam welding machine. This type of control will allow
us to operate electron-beam welding equipment with highly reproducible param-
eters at levels of beam voltage and current not heretofore deemed possible.

Fabricability and Weldability of High Strength Austenitic Stainless Steels
Principal Investigator: D. J. Sandstrom
FY 1976 Funding: $70K

The LASL in cooperation with other ERDA contractors has been involved in an
in-depth study on the weldability and fabrication of high strength austenitic
stainless steel. The stable austenitic stainless steelssuch as Armco Steels
21-6-9 alloy have mechanical properties which make them particularly attractive
for use at cryogenic temperatures and in the presence of H2 and its isotopes.
This class of materials has exhibited erratic welding properties and in order
to gain utilization of the desirable properties of these alloys we must solve
the welding problem.

Development of High Density, High Z Structural Materials
Principal Investigator: D. J. Sandstrom
FY 1976 Funding: $139K

A continuing effort aimed at the development of high density, high Z number,
nonfissle materials is planned. Materials of interest include plasma-arc
shaped W which can be subsequently infiltrated with lower Z, lower density
materials for purposes of strengthening. Additional efforts are under way
in the area of fabricating reproducible alloy material based upon the power
metallurgy processing of W-Ni-Fe and W-Ni-Cu alloys.
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Thermal Diffusivity of Pu and Its Alloys
Principal Investigator: W. J. Maraman
FY 1976 Funding: $71K

Our thermal diffusivity studies have resulted in a reliable, easily applied
technique for making measurements on a variety of Pu and Pu alloy specimens
by employing a flash laser heat source. By using well characterized Pu alloy
specimens and "crack-free" Pu specimens in this program we are now able to
generate meaningful, reproducible thermal diffusivity data up to the melting
point of Pu.

Applied Metallurgical Studies on Pu and Its Alloys
Principal Investioator: W. J. Maraman
FY 1976 Funding: $781K

Our applied metallurgy studies have resulted in the development of several
new alloys. We have maintained capabilities for the preparation of Pu components
and specimens. We are continuing the development and complete characterization
of new alloys made by cast, wrought and powder metallurgical techniques.

Materials Characterization Principal Investigator: R. D. Reiswig
FY 1976 Funding: $113K

The techniques of optical microscopy (metallography), electron microscopy
(both transmission and scanning), and x-ray diffraction phase identification
are used to characterize a wide variety of materials resulting from the
Laboratory's materials research programs. The materials include metals,
alloys, ceramics, solid compounds, cermets, and graphite-base composites.
Such characterization is key to the progress of materials research.

Electroforming of Various Metals and Alloys
Principal Investigator: D. J. Sandstrom
FY 1976 Funding: $87K

A continuing study is under way toward perfecting processes of electroforming
a variety of metals for structural applications. Electroforming techniques
for manufacturing pressure vessels out of a variety of materials which can be
electro-deposited from aqueous solution have been developed. Other structural
components and assemblies requiring unique corrosion resistance have been
developed.
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CHEM ISTRY

Chemical Characterizations of Materials
Principal Investigator: Glenn R. Waterbury
FY 1976 Funding: $677K

Chemical analyses will be continued to characterize a multitude of metals,
alloys, compounds, ceramics, cermets, and mixtures. This support operation
will be augmented by research and development of new analysis capabilities
to provide the needed methodology for extensive characterizations of specific
materials. The analytical capabilities, which now include most analysis
techniques with the recent addition of ion microprobe, energy-dispersive
x-ray fluorescence, automated mass spectrometry, automated trace oxygen
measurements, and new atomic absorption applications, will be expanded to
include the new surface analysis techniques of electron and Auger spectroscopy,
rapid direct reading emission spectroscopy, and automation of other methods.

Lithium Hydride, Deuteride and Tritice Studies
Principal Investigator: J. D. Farr
FY 1976 Funding: $144K

We shall continue our studies of the synthesis and properties of lithium
hydride using primarily the heavier isotopes of hydrogen. The two general
areas of interest are (1) the preparation and characterization of LiT samples
for our 3He release studies and (2) the exchange reaction between LiD and 'T2
gas. These two areas have in common the need to be able to compare the surface
areas of different samples. We will use the BET technique as a means of
comparison. An in-line calorimeter should be installed in our tritium drybox
line for measuring the T content of samples. Along with this work we are also
looking at ways to continually reduce the tritium release from our facility.

A System for Studying the Initial Stages of Gases Reacting with Metals
Principal Investigator: J. D. Farr
FY 1976 Funding: $79K

An ultrahigh vacuum system was constructed for use in conjunction with a
Rodder ultramicrobalance for studies of uranium corrosion. The use of sorption,
titanium sublimation and Noble ion pumpsavoids the need for oil-diffusion
pumping thus eliminating the possibility of sample contamination by oil vapor.
Provisions for in situ sputter cleaning of samples as well as electron beam
heating and infrared thermometry have been built into the system.

It is proposed to carry out a systematic investigation of the oxidation of
high purity uranium from 25 to 300°C. The physical and chemical properties of
the oxides formed will be studied by diffraction, microscopy and kinetic
techniques. In particular, the reactivity of the partially oxidized coupons
in H2 atmospheres will be related to the surface preparation, composition and
oxidation treatments.
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Superconductivity Studies Principal Investigator: J. D. Farr
FY 1976 Funding: $216K

The effort in the field of superconductivity is being pursued in two general
areas: (1) the development of a technique for the production of long lengths
of electrical conductors having a continuous superconducting layer of high Tc
material and (2) studies on well characterized known high Tc compounds and
on new binary and ternary compositions. Considerable success has already been
achieved in the development of a chemical vapor deposition (CVD) process which
produces continuous and adherent coatings of Nb3Ge material on copper tubing
over a 40 cm length. The material has a Tc of 22 K and a critical current
density of 1.8 x 106 A/cm2 at 13.8 K. This work is being continued and
expanded to include the design and construction of a continuous CVD coating
unit which will permit the preparation of a continuous coating on multimeter
lengths of copper pipe. The studies on known high Tc materials (e.g., Nb3Ge,
Nb3Ga, Nb3(A1,Ge), and NbN) as well as on new compositions (e.g., Mo-Re, Mo-Tc,
W-Re, W-Tc) will involve preparation by the usual high temperature methods as
well as by two "low temperature" methods (sputtering and CVD). These studies
are presently under way and will be continued. A small experimental sputtering
unit and a small CVD apparatus have been constructed which permit the preparation
of small samples of materials on heated substrates at controlled temperatures.
The objective of these studies is the correlation of composition and structure
with superconducting properties for these materials. A comparison of the super-
conducting properties of similar compositions prepared by the different methods
should also prove of great interest.

Release of 3He from Solid Tritides
Principal Investigator: J. D. Farr
FY 1976 Funding: $22K

A program to study the release of 3He from LiT stored under an over-
pressure of T2 was started. The samples, containing equal amounts 'of tritium
in the gas and solid phases and stored at room temperature, are being monitored
by periodically measuring the quantity of thermal neutrons absorbed by 3He in
each phase. A neutron cliffractomireter was modified to permit measuring the
attenuation, by the sample, of a monochromatic thermal neutron beam.

Process Development for Polymeric Materials
Principal Investigator: D. J. Sandstrom
FY 1976 Funding: $87K

A variety of polymeric materials are required in all phases of energy,
safeguards, and defense related work. A continuing program aimed at the
development of improved manufacturing processes and materials will be
conducted.
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Surface Studies Principal Investigator: W.'P. Ellis
FY 1976 Funding: $85K

The most modern techniques, particularly low energy electron diffraction (LEED),
inelastic secondary electron spectral analyses (Auger and loss spectra), and
photoelectron spectroscopy (PES), are used to characterize surface structures,
to detect and identify surface impurties, to obtain information about valence
band electrons, and to study gas-solid reactions from their inception. An
ultra-high-vacuum PES system, that is the most advanced in the world for
studying surfaces and reactions of reactive metals such as uranium and
plutonium, is being put into use. This system will be used to study hydriding
and passivation of these metals. Work will be done on heterogeneous catalysis.
Fundamental studies using the above electron probes will be correlated with
practical studies of the catalytic activity of powders using a flow reactor
system with chromatographic analysis of product gas mixtures. The catalytic
activity of metals and of compounds of uranium, rare earths and other elements
will be studied. The surface studies are relevant to ERDA programs on synthetic
fuel production. These include both older processes such as coal gasification
and new processes such as thermochemical hydrogen production.

Plutonium Electrochemistry Principal Investigator: W. J. Maraman
FY 1976 Funding: $213K

Our electrorefining studies have resulted in reliable processes for producing
high purity plutonium and neptunium on a useful scale from impure metals and
alloys. We have undertaken the development of an economical method for
electrowinning plutonium directly from its oxide. We are continuing the
determination of thermodynamic properties of plutonium, its alloys and com-
pounds by measurements of EMF cells above 650°C.
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PHYSICS

Actinide Metal Physics Principal Investigator: R. N. R. Mulford
FY 1976 Funding: $2l9K

This activity is directed towards the achievement of a basic understanding of
the electronic and physical properties of the actinide metals (especially
plutonium), their alloys and intermetallic compounds. Closely interacting
experimental and theoretical studies are carried out on the superconductivity,
magnetism, and general electronic features of various actinide systems.
Attention is concentrated on the mechanisms for bonding extant in these systems,
especially as concerns the participation of 5f electrons.

Rather than using band theoretical studies to detail such exotic features of
metals as, e.g., their Fermi surface topologies, the calculations and
accompanying experiments are being aimed at elucidating the essential bonding
phenomena appropriate to materials problems. These efforts are proving inform-
ative for materials behavior throughout the periodic table, and, somewhat
ironically, the theoretical foundation of the approach used could only have
been discovered by considering the relatively complex actinide metals--this
because of our new discovery of the chemical bonding behavior of 5f electrons
in metallic systems.
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LLL Materials Program

METALLURGY

Beryllium Principal Investigator: J. Hanafee
FY 1976 Funding: $100K

Significant improvements have been realized in properties such as yield
strength, ultimate strength, and ductility through the development of both
improved chemistry control and new manufacturing methods. Recent work on
beryllium consists of: Prediction of fracture toughness of thin sheet
material'by the use of J integral methods and study of the effect of yield
strength, grain size, impurity level, and microstructure on the flow and
fracture behavior of materials produced by new processes.

Plutonium and Plutonium Alloys
Principal Investigator: J. Hauber
FY 1976 Funding: $750K

Developmental work on plutonium and its alloys involves study of: Phase
diagrams; phase transformation and its influence on parameters such as
density; effect of impurities on the response of the metal; and the determina-
tion of basic structural and physical properties.

Fabrication and development procedures which are routinely performed on most
materials require special handling facilities and expertise when they are
performed on plutonium. For this reason, Metallurgy Division has developed
capabilities for casting, welding, brazing, rolling, mechanical testing,
vapor coating, metallography and chemical analysis.

Ferrous Metals Principal Investigators: P. Landon s R. Vandervoort
FY 1976 Funding: $100K

Basic studies being conducted entail determination of the influence of
impurities on the weldability of 21-6-9 stainless; study of low temperature
reversion, stacking fault energy and the relationship of these variables to
the susceptibility of stainless steels to hydrogen embrittlement; correlation
of properties and metallographic structure with thermal-mechanical history.

Metallographic Analysis Principal Investigator: J. Johnson

Included here are optical metallography, microprobe analysis, scanning and
transmission microscopy, x-ray, as well as fractographic characterization.
These activities support all aspects of the metallurgy program, but they are
particularly important to the success of the materials and process development
endeavors.
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Mechanical Properties Principal Investigator: R. Vandervoort
FY 1976 Funding: $100K

Determination and Evaluation: Basic considerations involve determination
of the effect of variables such as stress, temperature and strain rate on the
mechanical response of metals. Tests commonly run are creep, fatigue, fracture
toughness, tensile, compressive and torsion. Also tested are properties such
as weld and bond strength.

Physical Properties Determination and Evaluation: Another aspect of the
characterization endeavor is the determination of physical properties of metals.
Metallurgy capabilities in this area are primarily devoted to precision
density determination, phase identification, drop calorimetry for enthalpy
measurement, and DTA studies of melting points and phase transformation.

Corrosion Effects: Two test units are available for evaluation of the sus-
ceptibility of materials to embrittlement in a high pressure hydrogen environ-
ment. Tensile, fracture, and static load delayed failure tests can be conducted
in hydrogen gas up to pressures of 69 MPa. Test temperatures can be varied from
23-200°C, and strain rate can be varied from 10-5 to 10-2/s.

Chemical Vapor Deposition Principal Investigator: W. R. Holman
FY 1976 Funding: $300K

Fabrication processes are being developed using chemical vapor deposition as
a means of producing special shapes. This activity has included an indepth
study of the fundamental mechanisms involved in the deposition process as well
as a great deal of iterative design work to produce highly sophisticated
equipment.

Physical Vapor Deposition Principal Investigator: W. R. Holman
FY 1976.Funding: $50K

High-rate thermal evaporation of metals from electron beam heated sources is
used to promote improved physical or chemical properties of metallic or
nonmetallic surfaces. Examples are bonding and diffusion aids, protection
(diffusion and corrosion barriers), thermal and electrical conductivity
(plastics).

Electroforming Principal Investigator: H. Wiesner
FY 1976 Funding: $50K

Continuing study of developing processes of electroforming a variety of metals
for structural applications.
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LLL Materials Program

ORGANIC MATERIALS

Polymeric Materials Technology

Polymer chemistry has advanced from an art to a highly theoretical science
in a relatively few decades. Understanding the reaction kinetics, the in-
fluence of molecular weight, degree of crosslinking, branching, crystallinity,
and dipole groups in the polymer chain, is prerequisite to understanding,
predicting, and tailoring polymers to requirements. Recent developments such
as sterospecific polymerization have shown that even the conventional monomers
can be made into improved polymers. Non-linear polymerization and copolymeriza-
tion reaction have the potential for producing high performance adhesives,
elastomers, and fibers. The Kevlar 49 fiber is an excellent example of what
can be accomplished with a theoretically designed polymerization effort. With
the cooperation of physicists, physical chemists, polymer chemists, and
engineers, new materials are being designed and older ones nodified to satisfy
exacting requirements.

Adhesives Principal Investigator: H. George Hammon
FY 1976 Funding: $300K

- Adhesive Synthesis: The current program is to synthesize urethane
prepolymers for adhesive and potting application. The approach is to
synthesize MDI and Hylene W polyether prepolymers and to cure these with
polyols and amines.

- Variable Modulus Room Temperature Adhesive: The goal of this formulation
program is to provide a general purpose adhesive that can in part be tailored
by the user. The user should be able to make trade-offs between working time,
viscosity, and modulus by varying the proportions of the system. The initial
approach is to combine epoxy and urethane :prepolymers.

- Hiah Explosive Adhesives: This task is to formulate an adhesive for TATB.
The approacn is to evaluate standard adhesives with each of the three candidate
binders for the TATB, Viton A, Estane, and Kel-F.

Polymer Formulation Program
Principal Investigator: L. E. Peck
FY 1976 Funding: $150K

This program exploits the entire array of commercially available materials
for various applications. Formul-ating is done to obtain optimum product per-
formance, processing characteristics, or special properties required. Current
formulating tasks include:

- Adhesive Formulations: Optimize the three adhesive and potting formula-
tions; (1) HGH-2, Adiprene L-315/Polyol/FeAcAc, (2) HGH-3, Adiprene L-315/
Polyol/DABCO, and (3) HGH-4l, Adiprene LW-520/TONOX, with respect to processing,
cure behavior, aging characteristics, and compatibility. This is the stage
where the adhesive application and performance aspects dominate development.
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Consideration of working time, effective bond thickness, and bond strengths
are investigated. Surface preparation and substrate characteristics all
have to be evaluated. The synthesis program will phase into this stage
soon.

- 10B Formulation: Develop polymer formulations that will accept high
particulate filler loadings and be functional at temperatures to'900°C for
short periods of time. The approach is to select multi-modal particle size
blends and elastomeric matrices such as VCE. Particle characterization lab
supports this effort.

- Matrix Formulating: Formulate high performance epoxy polymers for adhesive,
laminating and fiber composites. The approach is to control the stoichiometry
and degree of cure of a few selected systems and correlate these with the
processing and thermal-mechanical properties.

- Cushion: An earlier polymer synthesis program developed an improved
silicone polymer. The current polymer is manufactured by a single supplier
exclusively for the AEC under an agreement which expires in June 1975. The
goal of this task is to use the more available polymer which has improved
processing characteristics and mechanical behavior (less compression set).
The cellular product is formed with urea as a temporary filler. Urea is in
short supply and interacts with the silicone curing system. A second goal
of this task is to certify an alternate temporary filler.

Polymer Process Development Program
Principal Investigator: J. K. Lepper
FY 1976 Funding: $150K

The performance of polymeric materials is highly dependent upon their
processing history. In addition, an integrated polymer program needs roots;
if you can't process the material and make a product it wasn't worth developing.
Current activities include developing methods for processing high temperature
polymers for structural and electrical laminates. Included in this task is
the development of new processing equipment such as the computer controlled
filament winding machine and the programmable high temperature laminating
press.

Process development capabilities must be maintained at design laboratories
in order to transfer advance technology to production agencies and value
production problems.

High Explosives Technology

The organic Materials Division is responsible for development of high explosives.
Explosives used may be: A PBX, such as LX-04, LX-10, or LX-14; an ECS such as
RX-08-A3; an extrudable such as LX-13; an improved acceptor HE; a paste HE; a
heat powder, or a detonator or MDF material. All of these materials have
different properties and different requirements, which must be measured,
understood and controlled.
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The activities necessary to provide these materials can be categorized as
follows:

Study of Chemical Physics Principal Investigator: E. Lee
FY 1976 Funding: $400K

An effort in chemical physics is by its nature, basic and general in scope.
The specific examples are studies not aimed at specific weapon or design
concepts, but are aimed toward improving our knowledge and techniques. In
order to select an HE with the specific properties needed to meet the design
requirements of a given device and to'properly control those properties it is
essential to understand the chemical physics involved. An understanding of this
sort of basic behavior is also needed to predict how a material will respond
under normal/abnormal conditions. Some of the phenomena involved are:

- Detonation Physics: The relation of thermodynamics, hydrodynamics, and
rapid chemical energy release mechanisms is the key element in detonation
physics. Better understanding of detonation theory is needed to predict
explosive performance and to allow the design of new HE's with enhanced
attributes. Detonation Physics includes the concept and execution of experi-
ments and the development of physical models and techniques for numerical
analyses. The products of detonation physics research are equations of state
and hydrodynamic descriptions or models.

The use of large-scale computer codes is vital to the activities included
under detonation research. Several codes provide an analytical description of
hydrodynamic test results. This allows the interpretation of experiments in
terms of a model for explosives and metal behavior during metal acceleration.
Another code is currently used to predict detonation parameters. These data
and the results of hydrodynamic experiments are used to formulate an EOS
for an explosive. HE equations of state have been developed for all main
charge explosives and all auxilliary explosives used at LLL. Approximately
50 explosive EOS's have been published. Computer codes may also be used to
predict properties of significant new materials and new formulations to guide
the synthesis and formulation effort.

- Kinetics: This involves understanding the rate at which chemical reactions
take place and is important in understanding both the very short-term
(detonation) behavior and the long-term (aging) behavior of materials. It is
also needed in understanding behavior under abnormal thermal conditions such
as an accident or fire. Kinetics includes designing and executing experiments
and developing physical models and numerical analysis techniques. The end
result of research in kinetics is the ability to predict thermal stability and
aging phenomenon and predictions of behavior under accident and fire conditions.

- Initiation: This involves understanding how the reactions that produce
a detonation start, buildup, and propagate. This understanding is needed both
for predicting and improving safety and for providing reliability in initiation
systems. The study of initiation includes designing and executing experiments
and developing physical models and numerical analysis techniques.
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- Mechanical Response: This involves understanding the mechanical behavior
of HE under a wide range of conditions from creep to shock. This knowledge is
needed for improving the mechanical properties of HE's and in understanding
initiation mechanisms. There exists a close interaction of HE mechanical
response and safety (accidental initiation). Study of mechanical response
includes designing and executing experiments and developing models and analysis
techniques.

Materials Development Principal Investigator: M. Finger
FY 1976 Funding: $200K

Materials development is vital to provide new explosives. The major
elements of a materials development program are:

- Syntheses*: No material program can exist for long without investigating
new materials. These must be supplied by synthesis either internal or external
to the Lab. Even where the actual program is carried out external to the Lab,
an in-house capability is required for monitoring and guiding research. For
the HE area expertise is required in aromatic nitration chemistry, aliphatic
nitration chemistry, fluorocarbon chemistry, the chemistry of heterocyclic
nitro-compounds, and polymer chemistry. The end product of this effort is the
input for new HE formulation development described below. Currently there is
no internally supported synthesis program.

Formulations: Newly developed input materials must be formulated into
useful end products with properties tailored to specific design requirements.
Properties that must be considered include: density, mechanical strength--
in both tension and compression over a wide temperature range, bondability,
chemical compatibility with other materials of construction, thermal properties,
initiability, handling safety, energy output and energy output rate, etc.
These properties are controlled-by controlling formulation parameters such as
temperature, pressure, composition, particle size and particle size distribution,
contact times, agitation rates, shear rates, order and rate of addition of
ingredients, use of surfacatants, nature of the solvents, etc. The end product
of this effort is a molding power suitable for fabrication or a material such
as a paste HE ready to load into a test device.

- Fabrication: A new formulation in most cases must be fabricated into
useful form. This normally involves mechanical or isostatic pressing,
cutting, machining, drilling, and sometimes bonding. Pressing parameters are
controlled to produce specified densities (usually the maximum obtainable)
and to optimize mechanical properties. Results are fed back into the formula-
tion effort and to the manufacturing facilities to guide them in further
development. To achieve uniform high density and thereby obtain high energy,
an iteration of pressing techniques and formulation variables such as particle
size is often required.

*Unsupported Activity
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- Process Development: After a new material is developed, its processing
must be scaled up to production sized equipment. It is often not possible
to reproduce exactly the conditions of the development equipment, and, there-
fore, modifications to the procedures are sometimes required. Most of this
work must be carried on at the production agencies, but liaison and coordina-
tion is required from OMD. In order.to guide and advise production agencies
we must maintain our technical credibility by getting our hands '.dirty"; that
is, keeping skilled in this area by performing work.

Characterization Principal Investigator: M. Finger
FY 1976 Funding: $250K

A vigorous characterization program spanning a broad spectrum of disciplines
is essential to provide guidance to materials development, to develop
measurement techniques for use in the study of chemical physics and to provide
input data on new materials. Areas that must be investigated include:

- Physical Characterization: This information for the most part is required
in the selection of input materials for the formulation effort. The required
measurements include: Density, particle size and particle size distribution,
molecular weight and molecular weight distribution of binders, crystallography,
and viscosity.

For each of these techniques we must develop measurement methods, develop
data reduction and correlation methods and maintain equipment and operator
skills as well as make the individual measurements required by various users.

- Mechanical Characterization: Mechanical characterization needed for the
design of devices includes: Tensile strength as a function of temperature
and strain rate, compressive strength as a function of temperature and strain
rate, hugoniot data, and shear modulus.

- Chemical Characterization: Chemical characterization is needed to guide
the formulation effort in selection of processing conditions. It is also
needed as guidance For the compatibility and polymer programs, in selecting
adhesives for bonding and in selecting cross-linking and surface active agents.
Some of these activities are provided by the General Chemistry Division.
Chemical characterization involves: Identification of functional groups such
as nitro, determination of reactivity with other materials of construction,
determination of decomposition rates, and toxicity.

- Thermal Characterization: Thermal properties must be known as input data
for chemical physics studies, particularly kinetics, but also for thermochemical
and thermodynamic information as guidance for materials development, and as
input to the design teams. Certification of mock materials to insure the
safety of experiments involving mock HE and fissile materials is also provided.
Thermal properties of interest include: Melting points, boiling points; vapor
pressures, thermal conductivity*, heat capacity**, time to explosion**,
enthalpies*, combustion calorimetry*, and thermodynamic function determinations*.

*Not Supported
**Partially Supported
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- Initiation Characterization: This information is required to insure
reliable lighting from the initiation train. Measurements. include: Gap tests,
wedge tests, gas gun experiments, aquarium tests and HE driven-flyer plate
experiments.

All HE's are characterized by the level of energy required to cause
reaction, the time and distance to build to steady state detonation; and the
response of the HE at levels just below reaction. Unreacted Hugoniots and
time to explosion are important data for response codes and design of initia-
tion systems.

- Performance Characterization: These measurements are required as input
to the detonation physics studies and as input to the design codes chiefly
in the form of equations of state. Measurements used include: Cylinder
tests, sphere tests, detonation calorimetry, magnetic particle probe, and
free surface velocity.

- Safety Characterization: Safety testing includes: Drop weight impact
test, susan test, skid test, vertical drop test, Site 300 drop tower test,
and friction test.

Questions of safety will always be of prime importance in the field of
explosives. The tests above yield results which are used as a basis for
judging what kind of stimulus an explosive can be safely exposed to without
undue risk of initiation.
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LLL Materials Program

GENERAL CHEMISTRY ANALYTICAL CAPABILITIES AND SERVICES

Principal Investigator: K. Ernst
FY 1976 Funding: $500K

Basic Applications

A low level of effort is applied to long range research aimed at ultimately pro-
viding better measurement techniques. The long range goals are to either provide
new capabilities, faster information turn around time; greater sensitivity or greater
precision or accuracy. Part of this effort is directed toward computer automation
of chemical measurement systems, experimental design and information retrieval and
data processing. Research is going on in the fields of microwave spectroscopy,
chemiluminescence, and surface analysis.

Development of Analytical Techniques

New analytical methods are either adapted from published literature sources or
are developed by our staff of physical, analytical, theoretical chemists and
physicists.

We continually attempt to upgrade and improve our services.

Analytical Services

Based on program requirements, analytical services are provided in the following
categories: (1) gas analysis, (2) elemental analysis, (3) surface analysis,
(4) functional group analysis, (5) explosive analysis, and (6) other properties
and measurements.

Compatibility Principal Investigator: H. Leider
FY 1976 Funding: $1150K

The Compatibility Group uses an integrated experimental and modeling approach
which (often) yields understanding and a quantitative description of the
snyergistic interactions among materials as encountered in special environments.
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LLL Materials Program

INORGANIC MATERIALS FABRICATION DEVELOPMENT

Fabrication Development Principal Investigator: R. Landingham
FY 1976 Funding: $550K

Cold Press and Sinter: This approach to fabricating high density ceramics
is the most conventional method used today. The Fabrication Technology
Group has the capability of applying this technology to nonconventional
materials that are both radioactive and pyrophoric. We are somewhat unique
in this regard because all processing operations from batching to the
machining or grinding of the final product can be handled in box line systems
with high purity argon. In addition to being able to handle such special
materials, we have equivalent facilities to fabricate conventional materials
under normal atmospheric conditions. Emphasis in fabrication technology has
been placed on the use of sintering aids to lower the time and temperature of
densification.

Hot Pressing: The hot pressing of large shaped parts is not an easy task
with well-established techniques. 'InFabrications Technology we have
experience in this and are well underway to completing two large hot pressing
systems with 100 and 350 ton presses. Our 100 ton press is complete and
presently undergoing temperature profile studies to define the isothermal
zone for densification. This press facility is heated inductively and will
have the capability of fabricating toxic materials such as beryllium compounds.
The second press could be resistively heated and used for larger parts. This
facility is not operational at the time and is at the mid-point of completion.

Hot Isostatic Pressing: An unusually large and unique gas autoclave system
at LLL has been fitted with a resistance furnace to deliver temperatures up
to 1000°C at 50 KSI helium pressure. Wie have purchased a second furnace
capable of reaching 1400°C. A third furnace-autoclave system surplused from
ANL will allow temperatures up to 1650°C. Because the HE autoclave pressures
are a factor of ten higher than conventional hot pressing and the isostatic
pressing mode promotes a more uniform density, this capability is a very
important tool to the fabrication of ceramics and metal-ceramic composites.

Plasma Sprayed Coatings: This capability supports several activities and
tasks within the Laboratory. Its two main functions are (1) rapid application
of a coating on a part, or building up to a free standing part, and (2) forming
a free-flowing powder or microspheres from irregular shaped powder. The high
temperature capability (30,000°K) and selective operating atmospheres (inert,
hydrogen, air, etc.) enables us to handle most materials in this vacuum-tight
chamber unit. Quick walk-in jobs to electrically or thermally insulate
materials make up the major portion of its coating functions. Spheroidization
of powder to improve flow characteristics and consolidation of powders takes
up about 60°o of its past functions. Minor use has been made of this unit as
a heat source to test the refractory and oxidation behavior of new compounds.
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Physical Vapor and Sputter Coatings: The Surface Technology Lab (STL) is
concerned with advanced coating developments and applications. In the latter
category STL has two sputtering systems and three evaporation systems, in
addition to a toxic materials system. One of the evaporation systems is
being converted for exclusive use for the deposition of plastics. The toxic
materials system is in the fabrication stage and will be used for either evapora-
tion or sputtering of nonradioactive toxic materials such as beryllium or
beryllium oxide.

The emphasis of STL is upon specialized problems that are strongly affected
by materials properties and materials compatibility. The combination of the
Applications Facility (STL-II) with the advanced diagnostics of the Development
Facility (STL-I) results in a unique capability. An example of the diagnostic
capability is the 2 HeV backscattering system which allows nondestructive
depth profiling.

Characterization Principal Investigator: R. Landingham
FY 1976 Funding: $350K

Particle Characterization: The general objectives of the Particle
Characterization Analyses are to maintain and upgrade an analytical capability
for characterizing and developing specifications for powders and materials.
Reproducible fabrication of materials and components require logical specifica-
tions (surface area, particle size and shape, particle size distribution, and
powder densities) on powders and raw materials used in their fabrication. Due
to the large variety of materials used at the Laboratory, this analytical
facility maintains the capability of handling toxic, radioactive pyrophoric,
explosive, and hydrophilic materials as well as non-hazardous materials
without cross contamination.

Physical and Mechanical Property Studies: Facilities and experienced
personnel have been developed to provide physical and/or mechanical properties
tests on a short-term basis on a variety of materials. These supporting
tests are essential to every well organized investigation. Information
reported by this facility includes phase identification by x-ray.diffraction,
thermal expansion, heat capacity, thermal diffusivity, differential thermal
analysis, thermal gravimetric analysis, high temperature compressive and
tensile creep, and mass-spec analysis.

Coating Analyses: The Surface Technology Lab (STL) has been established to
combine analysis with coating development. The Advanced Development portion of
the Surface Lab (STL-I) has a unique collection of process oriented diagnostic
tools. Included are (1) high energy charged particle backscattering to
determine coating composition profiles nondestructively, (2) high energy
electron diffraction to monitor crystallite structure in the growing film,
(3) two ultra-high vacuum process development systems, one coupled to each
of the above diagnostic tools, (4I) scanning and transmission electron micro-
scopy and (5) various surface processing techniques such as ion etching and
ion implantation.
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Sandia Materials Program

ORGANIC MATERIALS

Mechanical Properties of Polymers
Principal Investigator: R. G. Kepler
FY 1976 Funding: $450K

Theoretical and experimental methods are being developed for the prediction
of the long-term mechanical properties of bulk polymers. The theoretical
studies include studies directed toward understanding of the relationships
between bulk properties and molecular structure, and methods for relating
chemical and physical relaxation to bulk mechanical and thermal properties.
Experimental methods for the determination of moduli, creep and stress re-
laxation, chemically induced bulk property change, plasticization and
permeation by gases, and morphology are being developed. These experimental
and theoretical techniques will allow more confident prediction of long-term
properties of both rigid and nonrigid polymeric materials.

The technologies influenced by these studies are: encapsulation, electrical
insulation, thermal protection and regulation, mechanical shock mitigation,
environmental sealing and control, and mechanical design.

Theoretical techniques have been developed to predict: (1) Gruneisen
parameters for polymers over the temperature range from absolute zero to
decomposition temperatures based on a cell model for amorphous polymers;
(2) equations of state for amorphous materials; and (3) the influence of network
structure on relaxation in crosslinked systems. A computer simulation of
multiple chain systems has been developed to assist in the understanding of
the effect of interchain interactions on mechanical properties.

Experimental methods for the evaluation of the various parameters necessary
for complete specification of mechanical response to a variety of external
stimuli are being developed. These involve moduli determination, chain
relaxation studies using NMR and fluorescence spectroscpy, thermomechanical
analysis, differential thermal analysis, and long term mechanical stress
relaxation measurement.

Chemistry of Organic Materials
Principal Investigator: P. I. Kepler
FY 1976 Funding: $350K

The chemistry of organic materials is being studied to provide a base for
materials selection and materials engineering for such applications as photo
and electron beam masking resists; radiation tolerant organic hydrogen
getters, radiation dosimeters, photo and radiation stable plastics, photo-
sensitive polymers for data storage, special materials for weapons applica-
tion, and thermally stable thin film insulators. Syntheses, reaction mechanism
studies, and reaction kinetic studies are now underway.
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The reaction mechanisms and kinetics of thermal and radiation decompositions
are being studied to provide a data background for materials choice as (1)
thermally stable dielectric coatings, (2) thermally stable and radiation
tolerant encapsulants, (3) positive and negative photoresi'sts, and (4) radiation
and thermally stable hydrogen getters.

Synthetic efforts include the synthesis of special polymers for mechanical
property studies, photo and radiation sensitive polymers for resist applica-
tions, special monomers for high-temperature insulation, model compounds for
reaction chemistry studies, and diacetylenes for use in reactive gas gettering
operations.

The technologies influenced are encapsulation, microelectronics, reactor
safety, environmental control, medical electronics, and synthetic chemistry
of polymers.

The approach taken is to synthesize model compounds, determine their reactivity
toward hostile or reactive environments (both mechanisms and kinetics) and,
after establishing relationships between structure and behavior, synthesize
stable (or reactive special-use materials).

Electronic Behavior of Organic Materials
Principal Investigator: P. I. Kepler
FY 1976 Funding: $500K

The electronic behavior of organic materials is being studied both to increase
our understanding of the relationships between materials structure and such
electronic properties as dielectric constant and loss, polarization (electrets,
ferroelectrics), charge carrier production and transport, high-voltage break-
down and ionic conduction and to provide an expanded data base on these prop-
erties for the designer.

Technology areas affected include particle acceleration design, fusion
reactors, sensors and transducers, electrical insulation, radiation hardening,
electrooptical devices, electrochemical detectors, and power generation and
support.

The approaches taken are the study of time and field dependence of dielectric
breakdown (bulk and surface), the study of the field dependence photoinduced
charge carrier production, the study of the time evolution of photoconduction,
the study of piezoelectricity and pyroelectricity in polymers, the study of
structural features of solutions'of charged particles and charged bacteria by
light scattering (static and dynamic), and the study of the structure and

transitions in liquid crystals.
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In this program, theories of charge carrier production in polymers and organic
crystals have been studied and a coherent picture of carrier production and
transport has been developed. Further studies are underway to relate structural
features of the material to the pertinent transport and production parameters.
Ferroelectric polymers are being studied to provide new materials for in-
expensive detectors and transducers. The mechanism of surface breakdown
initiation at high electric fields has been elucidated and future studies are
directed toward understanding the sustaining phase in detail.

The structure of solutions of charged marcomolecular particles are being
studied both dynamically and statically by light scattering techniques.
Theories for solution behavior will be developed, and liquid crystal properties
will be investigated by these same techniques.
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Sandia Materials Program

INORGANIC MATERIALS

Principal Investigator: J. E. Schirber
FY 1976 Funding: $12,00OK

The object of this program is to strengthen the Laboratories' technological
position in inorganic materials and processes involving these materials for
present and potential application to weapons and energy-related problems.
This technological position is achieved by a combination of experimental
and analytical or theoretical approaches and characterization which lead to
a sufficient understanding of the controlling factors so as to permit optimi-
zation of the material for the given application. For example, typical goals
for device applications include long life, high reliability, small size and
hardness in extreme environments involving blast, shock and radiation. The
sciences brought to bear on these problems include solid state, surface and
device physics, physical and analytical chemistry, metallurgy and ceramics
and computational science.

Major areas of emphasis include H2 and He in materials, solid electrolytes,
electrical and mass transport in insulators, semiconductors and amorphous
materials, surface analysis and modification, radiation effects in semi-
conducting and insulating materials, permeation and diffusion in glasses
and ceramics, shock-activated phenomena in ferroelectric and ferromagnetic
materials, studies of explosives and pyrotechnic materials and equation of
state and phase changes in a variety of substances, including soil and rocks.

H2 and He in Materials: Percolation and electronic band theory have been
coupled with nuclear magnetic resonance and other microscopic probes such as
nuclear reaction spectroscopy to propose a predictive model for 3He release in
metal tritides; 3He implantation has been used to simulate release.'

Surface and Interface Modification and Analysis: Ion implantation is used
as a process to modify and dope materials. Ion and damage profiles for
implanted ions in semiconductors have been measured and theoretical understanding
developed. Charge exchange at surfaces, at contacts and with respect to
corrosion, chemisorption, diffusion and solubility have been studied and provide
the basis for advances in silicon-integrated and other circuit technology.

Defects in Solids: Mechanisms for production and the identification of
irradiation-produced defects in bulk and at surfaces and their effect on
charge storage and motion in MOS or MNOS devices have been studied. The
relation of both chemical and irradiation-produced defects to mechanical
properties of materials are considered with goals of understanding H embrittle-
ment and defect microstructure.
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Solid Electrolytes: Mass and electrical transport in superionic materials
which have potential for solid-state batteries are under study. The nature of
electrode surfaces and electrochemical reactions are receiving attention. An
increase in understanding of the electrochemical and chemical mechanisms is
needed to improve reliability and energy density of 60-70-minute thermal
batteries.

Shock- and Temperature-Activated Device Materials: The response to stress
of ferroelectric, piezoelectric, and ferromagnetic materials is studied with
the aim of improving materials for firesets, neutron generators, and pulse
power supplies. An example includes attempts to extend the utility of lithium
niobate for 100 kV power supplies.

Explosives: Initiation and detonation criteria in heterogeneous secondary
explosives such as 9404 and TATB are being determined with emphasis on effects
of particle size, charge density, and sensitizors. Studies are underway of
deflagration-to-detonation transition phenomena.

Phase Changes and High Stress Equation of State: Extensive shock wave and
energy deposition studies of polymorphic, melting and vaporization phase
change kinetics are underway on a variety of materials. These studies are
relevant to blow-off phenomena and explosive components used in weapons
technology.

Earth Material: Studies of "fissurization" models of rock and soils will
allow prediction of dilatency, fracture and fragmentation. These models are
required for support of earth penetrator weapons technology.

Glass Ceramics: Ease of fabrication and high-temperature stability make
these materials attractive for weapons applications. Experimental investigation
of relationships between physical properties and composition and microstructure
provide a basis for "tailor-making" glass-ceramic materials for specific
applications. Research on the crystallization process is expected to yield
new materials with oriented structure and new properties.
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Sandia Materials Program

METALLURGY

There are three major areas of metals research which though described separately
are strongly interrelated. These projects are also dependent on and contribute
to the materials characterization and inorganic chemistry program. A strong
interdependency of Sandia's materials research has been created by the stringent
demands placed on materials in nuclear weapons by operational requirements and
long storage times. The Sandia metallurgical program therefore emphasizes the
synergistic effect of alloy chemistry, microstructure, processing, and surface
conditions on corrosion, mechanical, chemical, and physical properties.

Structural Metals IPrincipal Investigator: M. J. Davis
.... -FY 1976 Funding: $2400K

Structural metals program is based on specialized techniques to determine
the behavior of metals mechanically and chemically. Fracture, deformation,
and compatibility studies have made use of experimental techniques to separate
variables such as constant stress intensity stress corrosion specimens tested
in controlled environments ranging from molten salts to 1 torr hydrogen gas
while monitored by acoustic emission. These projects are supported by a
unique melting, electrodeposition, powder metallurgy, and joining capability.
Specific FY 76 programs were:

Experimental and theoretical studies of the effects of combinations of
creep, creep-fatigue, and monotonic loading on subsequent mechanical response
are underway. Detailed experiments are being conducted on the thermal fatigue
of solder alloys utilized in encapsulated printed circuit boards. A constitu-
tive relation has been found which will allow prediction of cyclide loading
behavior from monotonic experiments. Attempts will be made to apply this
relation to more complex histories.

- Experimental and theoretical studies of polymorphic melting and vaporization
phase changes and their kinetics are underway to characterize loss of strength
mixed phase states and vapor pressure under extreme conditions of pressure or
temperature.

- Studies of low temperature effect on hydrogen embrittlement of normally
compatible metals are the emphasis of the extensive hydrogen containment program.

- Advanced fracture mechanics techniques are being used to characterize and
develop ultra high toughness alloys. Unique experimental development by Sandia
in FY 76 has stimulated this program.
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- Alloy development is supported by unique heavily instrumented VAR and VIM
furnaces which will allow heretofore unavailable control of ingot chemistry
and macrosegregation plus a level of understanding which will permit efficient
transfer of the technology to production agencies. Ultra high strength marag-
ing steels have been produced and are being studiedifor forgeability. Corrosion
in systems with porous metallic coatings is being modeled and techniques to
evaluate porosity are being developed.

- The corrosion and stress corrosion of alloys are being studied. It is controlled

by a strong interdisciplinary program between surface, physical, mechanical, and
process metallurgy with organic, inorganic, and electro chemistry.

The general corrosion and localized corrosion behavior, including pitting,
stress corrosion cracking, and galvanic corrosion of alloys are being studied.
The research is aimed at elucidating the role of metallurgical, chemical, and
mechanical parameters, and ultimately at prevention techniques.

- The relationship between heat treatment, weld practices, and microstructure
on the mechanical behavior of moderate strength steels and titanium alloys is
being investigated. Specific concerns are the effects of temperature and strain
reaction, anisotropic tensile behavior, fracture toughness, and notch sensitivity.

- Moderate strength uranium alloys are being developed with improvised
fracture toughness and resistance to environmental degradation.

- High temperature metallothermic reactions are being studied and applied
toward denying special nuclear materials and the study of the chemical
interactions observed during a hypothetical reactor meltdown.

Component Metals Principal Investigator: M. J. Davis
FY 1976 Funding: $1600K

The component metals program emphasizes the development of special or multiple
purpose alloys and appropriate processing. Mechanical deformation, joining,
compatibility, and electrical behavior of alloys in complex environments are
studied. Specific FY 76 programs were:

- Studies are underway to improve ductility and welding of molybdenum used in
neutron generators. The metallurgical factor influencing ductility of FCC
metals are being studied.

- Studies of stress relaxation and delayed failure under constant load of
both precious and base metal springs are directed at predicting long-time
elastic behavior. Improved alloy compositions and processes are sought through
delineation of the deleterious microstructural elements in extant alloys.

- New palladium alloys are being studied to provide a controlled means of
removing hydrogen from systems.

- Microelectronic metal research emphasizing thin and thick.film conductors
and resistors is underway to determine transport, adhesion, bonding, and aging
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behavior, as well as the effects of EMP and radiation on performance.

Surface Metallurgy Principal Investigator: M. J. Davis
FY 1976 Funding: $1200K

This project is concerned with understanding the metallurgical properties of
surfaces used in weapons development and the generation of desired surface
properties by choice of materials, surface modification, and the forming or
new surfaces. Emphasis is on bridging the gap between basic studies and
engineer-ing applications. Specific areas were:

- Implantation metallurgy. Ion implantation and ion backscattering are
being used to modify materials in a controlled manner and determine basic
metallurgical properties.

- Surface deformation. Studies of surface-surface contact deformation and
adhesion using carefully controlled environmental conditions and sensitive
measurement techniques are applied to friction and wear, electrical contacts,
and deformation bonding. Analytical techniques include laser interferometry,
acoustic emission, contact resistance measurements, coefficient of adhesion
measurements, and microshear testing.

- Electrical contact arcing studies involve the effect of voltage on contact
erosion, effects of contaminants on contact resistance, and material transfer
between arcing contacts applied to electrical contact design and in the
development of nondestructive testing procedures.

- Thin film and coating development is directed at obtaining desirable surface
properties by depositing new surfaces using vacuum deposition, sputter deposition,
ion plating, electroplating, and chemical vapor deposition techniques.

- Gas-metal reaction research is directed at the effect of hydrogen absorption
on the mechanical properties of surfaces, effect of surface condition on
hydrogen absorption and permeation. Hydrogen-metal phase relationships at high
pressures and temperatures, and diffusion and thermal desorption of.gases in
metals is also being studied.

- Surface cleaning and contamination. Cleaning by sputter cleaning, reactive
plasma cleaning, solvent cleaning, UV/03 cleaning, contamination detection using
5Kr, contact angle analysis, and soft x-ray appearance potential spectroscopy.
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Sandia Materials Program

COMPOSITE MATERIALS

Principal Investigator: 0. M. Schuster
FY 1976 Funding: $1000K

This program is based upon those disciplines needed to fully understand and
characterize high-performance, fiber-reinforced composites. The results of
continuing research efforts in fabrication and processing techniques, static
and dynamic mechanical behavior and structural analysis, fracture mechanics
and viscoelastic effects are being applied to several weapon programs.
Composites being investigated incorporate both resin and metal matrices
reinforced with a variety of high-strength materials: boron and Borsic
filaments; Kevlar, glass, and graphite yarns and cloths; ceramic whiskers and
filaments.

The well-established technologies listed above have been used to develop a
variety of prototype weapon parts: e.g., boron-reinforced aluminum deployable
bomb fins, a thick-walled cylindrical artillery shell ring stiffener and thin-.
walled conical reentry vehicle shapes; and graphite or Kevlar filament-reinforced
resin stiffeners for electronic components, radar and telemetry systems. Two
specifically applied efforts are a thorough characterization program studying
Kevlar and nylon filaments for parachute applications and the development of
alumina-cylinder loaded resins for weapon protection systems.

The current plan is to maintain our basic capabilities while gradually expanding
into the areas of joining technology and environmental stability of composites.
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Sandia Materials Program

CHARACTERIZATION TECHNOLOGY

Principal Investigator: F. L. Vook
FY 1976 Funding: $12,500K

This program is concerned with the development and application of unique and
state-of-the-art techniques for the detailed characterization of a broad
spectrum of materials, including inorganic, organic, metallic, and composite
materials. The characterization areas include: surface and near-surface
analysis, composition, electronic and crystal structure; thermophysical,
chemical, and electrochemical properties; viscoelastic, shock, high pressure,
and mechanical properties; radiation and defect properties; magnetic, super-
conducting, and transport properties. Emphasis is placed on weapon and/or
energy-related materials having extended life, ultrahigh reliability, and
the ability to withstand extreme environments such as blast, shock and
radiation. New techniques and facilities are being developed to selectively
characterize materials and simulate environments to increase command and
control, safety, capability and reliability.

Major Technical Emphasis in FY 76

Ion Solid Interactions

Van de Graaff accelerators (2.5, 2.0, and 0.4 MeV), two 0.3 MeV heavy-
ion implanters and an 80-keV high current heavy-ion accelerator operate at
ultrahigh vacuum and are equipped with temperature controlled target stages
and precision goniometers for ion implantation and channeling measurements.
An on-line transmission electron microscope has been integrated with a 2.5-
MeV Van de Graaff and 80-keV heavy-ion accelerator for in situ implantation
and analysis. A new 4 MeV tandem accelerator is planned for FY 76. Helium
and hydrogen lattice locations, diffusion, solubility, damage, and depth
distributions are characterized by ion backscattering, channeling and ion-induced
nuclear reaction analysis. These studies are applicable to CTR and hydrogen
economy research and development, the simulation of neutron damage in reactor
materials, and alloy and corrosion science.

Surface and Near-Surface Analysis

Near-surface ion beam analysis is used as a nondestructive technique for
determining composition variation with depth in micron thick layers. Current
techniques include ion backscattering, ion nuclear reaction microanalysis,
ion-induced x-rays, secondary ion emission. Near-surface characterization also
includes SEM, TEM, x-ray structure, and electron microprobe analysis. Surface
characterization techniques include soft x-ray appearance potential spectroscopy,
binary scattering of noble gas ions, ion microprobe, thermal and field
desorption and field ion microscopy, low-energy electron diffraction,
characteristic ionization and loss spectroscopy, Auger, ESCA, and photoelectron
spectroscopies. A unique gated field desorption microscope has been invented
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and applied to the imaging of hydrogen chemisorption and field ionization states
on metal crystallographic surfaces. These instruments are applicable to CTR
studies of surface-induced contamination of plasmas as well as to fundamental
catalysis studies, catalyst characterization, corrosion science, and reactor
materials damage.

Radiation Response

Extensive facilities are available for producing and characterizing the
radiation effects on materials by neutrons, ions, electrons, x-rays, and
gamma rays. Five Van de Graaff accelerators, three heavy-ion accelerators,
two pulsed reactors, three pulsed relativistic electron facilities, pulsed
laser, and pulsed x-ray facilities are used with in situ optical spectrometers,
calorimetric systems, and low-temperature irradiation and neutron radiography
capabilities. Transient radiation effects are studied for military applications
and pulsed fusion CTR research. Flash x-ray facilities can be used for transient
reactor materials and component behavior and safety analysis.

Defects

Electron paramagnetic and nuclear magnetic resonance, positron annihilation,
infrared absorption, light scattering, photoluminescence, depth resolved
catholuminescence, ultrasonics, cantilever beams, stress measurements, electrical
techniques and ion implantation are used to identify and characterize defects
in solids. These techniques are applicable to reactor materials damage and
photovoltaic materials.

Mechanical Response

Techniques to characterize the response of materials under high rates of
energy deposition including melting phenomena in 10-6 sec or less have been
developed to study the behavior of shock compressed materials. This is com-
plemented by a complete static high pressure laboratory. Major characterization
techniques are: submicrosecond resolution quartz and lithium niobate gaces,
displacement and velocity interferometric systems, in-flight stereo and holographic
recording techniques, and high-speed photography. Major facilities include:
two-stage light-gas/power gun facilities, compressed gas gun facility, triaxial
servo control ultrastiff machine with capabilities of 1 GPa pressures and 1.78
million Newtons force rating, and an ultrasonics facility producing sinosoidal
modes with concurrent temperatures and pressure control. Characterization of
deformation, creep, stress relaxation, and fracture of metals and ceramics
under cyclic loading is being investigated and is directly related to power
reactor safety studies. Hydraulic jets both continuous and pulsed have been
characterized for applications ranging from coal mining and rock tunneling to
the machining of metals. Techniques to characterize shock wave phenomena have
been used to analyze the safety of containers for radioactive materials,
reactor safety analysis, fracture behavior of anisotropic oil shales, the develop-
ment of earth-penetrating crojectiles, rock drilling and blasting, and oil shale
retorting.
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High Temperature Thermal Properties

Techniques have been developed to determine enthalpies, heat capacity
thermal diffusivities and conductivities and equation of state of solid, liquid
and gaseous materials to temperatures in excess of 6000K and 10 MPa.
Electromagnetic levitation, liquid argon calorimetry, and laser heating are
used to study stainless steels, metal hydrides and refractory liquids. These
techniques are applicable to reactor safety, nuclear waste disposal, coal
gasification, oil shale extraction and solar energy studies. Two plasma
jets (2.5 Megawatt and 160 K.w) are used to characterize parallel ablation and
erosion of refractory materials in a channel flow device. Optical techniques
have been developed to measure heavy particle and electron temperature, plasma
velocity-, electron density, and total gas enthalpy. These facilities are used
to characterize heat shields and antenna window materials for reentry vehicles
and can be used for MHD channel erosion studies.

- .- ..- . ..
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Sincr 172., a p.ro'r.ltn h.as b.','n carri..yl Imt by tlr- MItals rFUND I t r-< ' produ,'c sy. ili - fm'si.-tO n .. 1 I!
Pron.r-i.'s Co n.n'il (:itPC ) ,i *lis'co,'r al.'t rialsls t i:al l.!) *s n - ::l..Issi :1;.t_ !l:. .;. ,ai;1:e -.IP...'C *a.. .Ic.]>; ..l..ir i:.
f'r o .sa i ,; aiin rIi, ,pla.i (i. r ,Fll .:Ih .,in. ' r (thousands o dollars) TV. . .vl i.
L.,Iorao.rv t.-stx,"i of h:i' prl r .ras hav' intli.c;,l .l ,l that _IV_. _
* . i. h,.r: fi,.n '!!-- .s r . ... ,o s:.,.-.S,.-fI ,,i:h, t : 1.i FY ErDP. cOi 7 rACTQO R \ TOTAa I, ri, ;ih ;tl, aI :l ).l;' .a 'l th;,.i r l:,i I lil t.
·,nr rn ir. a ,l:' i,.

·
n f :,,h,- > r ......Nt i l o ......... '------alnda--1 --- , ----: - .. .a,. _lhfi. i * -. ,0 0t. nio: a yllr- =~F ER D . u .:sm 1- TALs . -r . , ,. . n . ...... rr *.,s*i, n ..... ,,,, .. T, : ,o -T L- i;;n

Va'a0-a'!
'

if ,a ii prsil in lii ins milr t '. I r Iht ra-,qsaa t
tl;rm,, ii. in , a lys ........ ii ...... rt l ......... 'ir i l nitickril TQ iU0 100 . ..T:1: r .. :- ~.* *z. E ~ ~ e::~ -i f ~ . t lzt~ ( * iirr r]:t15t l:.ave sh~xs: :!X~~xt ...................r . ......}.1. [ ... v.xN. . hn f .t '.l.. P.'ll-rr nl

rvci. . nts- a rI: Cr-- v Oi i .i N i a nIv s , t II m t t.i-rr-sioin-

ianL cl-h~rb sv --'aCv simplify rh ic l ai-i.i'l, rat iih.-m .i . Ihict, pridurtsm }),.rI'l_ ra.. 1 * I-n e m l:rait>,s vain ' con rr-if' atiflnr t' sl;tiirih.ry aw _i t t

r.sistnt alilW -n far.

pvilot .lan tat a - ::l rii- oMti i-au alra. inn ,dil acsii. sitig DESIGN TEST PROCEDURE

i:rnfl rtiinaac . pr,. ri ninar ? r r-snlts in pitlt plants hayv nIit
conlir., :.I d:llnnr .alr¥ tL'ss in all cars, -. ·xov t , 'sllrlts inth I : ,d-w 

1
b- t- .,r a -: .,l . p,, all ,- .l-:x - .-lsts h, .V. I)( '76cmin' lih F s ca F 7 .- l tions - Fi t -. thc

tJt c rc~:i.. ~ t 'attro .
¢

ai.t. t;( TZ .qlit.plr pl ntl c .. hlal th iatin

thCrls sz , , , 'i ii i0 . .'C 0 cntha iv rialh. s arnd th .lro;ion r.

,rcLy s ,v ,-rr, o-grf ihTr:n ,rr orl> oi(o Cr-i O \Ni a3llo /l .s'ii and ni -

tca.n t lw las inGl Coroo.-itisio v r B vDESIGN Tr hi I'.EST PROCEDin aloy UR'. i

indi'it, .- th a i r. li F rfhn-'-s i» g;.; cottposition, t.i-p, ' rc,
a i ..r.stlrt -n/ "'r*iv ah,' r ¢-rro:;dion it. st rc sults

'lh[i prn;,'ct vi!ll b ' pr gr,-:*t vaht. E11 ppr.lditing th,- I-h vior
,,! r ^'¢ririls ir prH')po;.d ~; ts!fitatinl pro .ssv-,s ,with wilc-ly % ,, , ·

. , . lis .. - , r.. ..1......PREPARE ALCTY SPECICHEDULEENS
h,^ ,II l.,,, , ,; .. ....;I',.... ]-St1 FACTIViTY 76 jTIRACS FY FY 79 FY 80 FY 81

si>:or l'stion of <"('i l TcpeaurCtt orros lio rial1s f"3-1 C:.l.l :.aan Ctsi LC'icalion.s

applC.ri,,mn,. i hii, thr tst ' s!. wi ll li. of ·- t
oii.rl v.i n ct rrl Allos in Coal in crio sii t Corrosio har Iloyspilot pl. i.-.I.. Is tlr.h4, NIt' IC,. . . .ir in -xpilini,g DESIGNt TEST PROC EDU RElb
disc r'li~,n, i,'s.

PREPARE ALLOY SPECIMENS

PERFORM TESTS

CHARACTERIZE EXPOSED SPECIMENS

CORRELATE RESULTS

Correlation of Tiogh-Tcnpceraturc Corrosion 13Bhaior 3- Co.al/ c .,.,te ials and Co:-noncnts/TMu tcra,.

of Skructural AI.lOvs in Coal Convcrsion Enviro:necnt:s Cor rosion Behavior of Al.oys
v-itth C,; ipo)ncrils <'Ir the:: A)l.Tcys anid of LlI., Co 'rr : six',:,r;nvi F('i,:l cni$



CONTRACT NO. ' E(49-i8)-1765
Provide design and reliabilitv information
on selccted gas turbine nioz:lc and bucket CONTRACTOR The General Eiectric Co. 'hi, pr.,r , i,.ii i ni, ih,., , ,.. ... . . . .... .
matcrials to define firm r!iveloprmncnt needs for I. .-1,. t , iil l .....ri...rls tlr. ..i,...( Iurreil;ly use-d in i... siriatrl .-a
imnprove'! componeint naattrials an! contings, ADDRESS I River Roadtirie.t d ,.... r-i,,... .... i. i i p

lusing gas . nvironmlcnts that a:-r rcpr.cscntativ[, Schenectary. N. Y. 12345 , ;;, ', .t.......;
t rl a

of a comtbin.ed-cyc-vle central stati.on gIcncratin'g
plant burning coal-derived iow- ltu gas and PRIN.. S.M. Kaplan ' 1 s .. 1 f,.-..!.. f. ; i , h ir hra i .- .r .

. coal-dc riv:i i ful oil. PRIN. INVEST. S. M. Kaplan , iIr, ,rl ,k , ,,i ,.,.... pr in . - ..g. i.r. !.coal-dorived fclfil oil. bitI .IIal ;ir'ili'a Iii, - - -,.t Seij.l, p,,1-,i g frvi.n, -
bility. Ill:p..rl.lll i luivrilil,. is c luI,-1 . '4..,littllh plllaSgi Ullh va:i:a-

BEGIN/END 25 Jun 1975 thru 30 Jun 1977 i " ... ,.. ,,i.i. . .... nI .. sl lr.
10 .!*:J±,, 1,0.!, li-s i i I, , f i . U- isi bas Iii lIe

CONTRACT VALUE $1,073,029 .. r. i:'si::, '.s- .. , . .. ,...... ; ... . ..i 1 .... .

SPONSOR FER/CCU I-d.i . ''i ; i *.s[ u-il ls'i, Itl il . -

PROJECT JUSTIFICATION ,. !.,;,i..: , 'l ,,1; I 1 ;, .1 r .- ,t
DIRECTORATE Materials and Power Generation , t .... i.. ,,. . I , , ...I. l ..I ,,,.. .ni . ..

LI~ Iii(.- | ..Llrtl l ' tll l i. a l. '.'„.Ih1 . ],sc . .j l I rl' ,I..i.,l.l > I. .ll; - -:Il-

TECH. PROJ. OFF. J. Smith i ,: ,, d ,, I . iri: Is. i,.lig ,s ..1.1. i.uill

CATEGORY/DETAIL Materials and Components/Materials .. ;. · ; ! .;';..f .h^.,.''.l '.; .I.-t
. .isiFU' iND IN G 'J. sc.,,,< il l l,.S s-i,. . iiS. !-. r .i',:. ,r.., r i . . , t .. ii. ,, ad

(thousands of dollars) ; ... .. . ..... ' .. .,,,,,

Very liu::e data ar availabil on no.slr and bunket life of gas FY ERDA CO TRACTOR | TOTAL l l.........I I .. I. k" I -.. . ,. .. -.. .....
turbine3 ue-d in combinsd-cycle central station generating l iii ..pi.1 .l ...s ti .rr. n .
plant. wuhn h xp,..sed to fuels with high alkali netal content. 75 1024 p. l r- 1024i ..
G neral El.:ctric sill define potential problm. usinc coal- -
derived low- itu gas and vow-suliur liquid fuel with different 76 49 - 49. l.v al ,,.e ltial I .l risi, .n a (;3: -. ..l 1]i pr.ed,-el .h ife
impurity lv i^r . Tes! m nt.rial. will bi t. slrctli'fronm f sir. i il buckis-... .... I ,,

1
ih .ird'r h11 l.q Ih .....,lh. . !, :iltl

:!:nsr curr.ently availabl. and in advanc.d dc v.lopmen: . ii' ih.' 'l I:i'ilrlt. l.: e rt"l. >1.- uI';. :'ll .i e l d %,' a t... I 1!-s r l ,r ,rrititI
The pre rnrn will provirle a selection of coal f.lt and n i.ieler. itcl lfr. ,s cl .. iicvm , iatir,, f tli .e:i -*
!hl: l. ction rationale. , a litng of ttetI.d no nozz l.' and bucket s nilhr lr.t.le-ul ... 1*5,?ls a: ; .. : i. .,'., p. :l :1. iri e -.1 : I iI . aIn'.lt : i*i, 1U..r .l-
materials, an evalua:tio n tha:: idleni.isr exp.-ctd ga- turbine lig prl -duri.s ht'iliig i l ilt. ilprJu,,.i l.
rilical parts lif wl::h a va rl-tv of containinati on !' v ,s,

anl an -.v alJatio n that id!ntifi es the proglraill' impact on .n'l 'nfirlnal n *,s a l -r. ... .dri.l
ela" urliintl-, coal-d riv.ed processre. and .cean up syst.ms. .aill a I fI -1lin gas ail it,·sl slmiples Iruii lask IV.

This progran will interface with and benefit from a corh-
plrr.·eia r a-.r cooperaltie proeram betw.c n G.enral Electric
ea.d .t:!iDA's Mo risar.town Eneri' RIe-rea rch Cenlter's (IMIL:C)
low. it:I cas I.aclily using both hich.-si n l-sodium ., ' ,_ /
cont. nt :o;ils.

't(~~ ~~ACTIVITY SCHEDULE
ACTiVITY FY 75 TRAfiS FY 77 FY 78 FY 79 FY SO FY 81

SELECT TEST MATERIALS
SELECT FEEDSTOCKS

DEFINE TEST CONDITIONS
DESIGN AND PROCURE TEST SPECIMENS
CONDUCT INITIAL (I) TESTS

PERFORM SCREENING (S) TESTS I
EVALUATE TEST RESULTS
PERFORM CONFIRMATION TESTS . = -

High Temperature, Gas Turbine Engine 03-2 Coal/Materials and Components/Materials
Component Miaterials Testing Progratn Fireside Corrosion I



OBJECTIVES CONTRACT DATA PROJECT DESCRIPTION
CONTRACT NO. E(49.18)-1784(Mod 2)

Test available metal and ceram- CONTRACTOR Metals Properties Council, Inc./
ic construction materials, pri- Illinois Inst. of Technology, Research Inst. The IITRI portion of this MIPC materials study
marily in several pilot plants, ADDRESS 1 est 35th Street consists of the follow'ing four phases coveringmarily in several pilot ilt. plants,or service under the hostile Chicago, III. F0616 both metals and ceramic materials for use in
tor service under the hostile .l ^ o .' ,u j ;coal gasification plants.
conditions existing in coal gasi- PRIN. INVEST.A. Schaeffer,'M. Howes Phase I - Higih Temperature Corrosion -
fication equipment BEGIN/END 26 Jun 1975 thru 31 Dec 1979 perform laboratory corrosion testing of

i2tio equipmvarious candidate alloys for gasifier
CONTRACT VALUE $2.710,000 internal conponents in simulated coal

gasification atmospheres at elevated
SFONSOR FER temperatures and uressures.

PROJECT JUSTIFICATION
DIRECTORATE Materials and Power Generation Phase II - Pilot Plant Exposure -

evaluate metallic and ceramic materials
In ,7Z2 it became clrar that coal gasification pilot plant TECH. PROJ. OFF. Dapkunas (,IV)/ Bakker(ll)/ Cox (III) exposed to various locations in operating
proble:ns could only be solved by materials testing and re- nilot plants (lHvas 3i-^as. COl
scrc.h t ..nsure that satisftry .aerialsu ,ould be aail- CATEGORY/DETAIL Materials and Components/Materials Accelo Svlllann Baacia. and IGI-able for cvrn'ercl.t. coal ;alf:cation plant conrpu-cnts A Acceptor. Synthane. ABat .t...l.. an -
:;e.tcal Proerti.: Counci (a.:PC)! tllurlsg Gr:,;p forlned FUNDr 1DiG stea:n-iron processes).
to rceiew trhe i-G;J., HVLtSa nid COg-Accrptur processes
in :<e .arr uh!l .:-ac lials corrusion/rropion d ee:rrlined that (thousaids of dollars) Phase III - Aqueous Corrosion Tcsting .

P Potential ..tail problems included sulfur corrosion. FY ERDA COPT ACTOR T TL o n rc - nviron ts
carburitinc. nitriding. creep, and crosn alloys in ag

* Refracteries presented a malerials problem oat
* RefracturicI pr esented a materials problem 75 2060 -- 2060 lating quench systems in coal gasification

oplants.
* Ctn. o,! -, vorr;,rsion problems existed in quenching, 76 500 - 500

scrr:.'>'i:., al-d prcatrrin; areas in addition to Phase IV - Erosion/Corrosion Testing -

sa tr~lve~ s and ta~ra~pns^Qfer; lines Iperform laboratory erosion/corrosion
C UCeiooe corrasior. and erosion problei's existed for . testing of metals and refractories at high

all three processes

The American Gas Association (AGA) initiated this pro- temperatures and pressures in coal
sram in 197.2 uitih ite .;PC with the understanding that the gasification atmospheres.
Officr of Coal Research (OCR) (the precursor of the ERDA
Office of Fossil Energy) uould cosponsor the program when
funds uecale available. In i974. the OCR deterli.ned that
it si.s-,ld prt.-.t': all pruject fundin. starting in FY ;'75
becau.se of :h, e.r panding scope of the project. This project
consiss uof five pha.rs. lhe first farr are being perfornred
by t-e Il!i:,nis institute of Technology lResearch instiltute C'-T I
(!!iT;). The fifth ph.ase has be.n as.-rded to the So..hir st ACTIVITY SCeEDULE
Hesearch instttu:t. (SRI). (St-: page 03-4 for a descriutionof the SR' .cl pffortS..) ____ACTIVITY FY 7S TiRANS FY 77 FY 78 FY 79 FY 80 FY 81
A nodification, which extends the IITRI Phase II effort,
is n-cessary because the uork accomnplished to date by
I'TkI h:s shuon deviatiens betv.cen laboratorv corrosion

tes;s u-inc satnd1ar.di 1.1 si::-.latl.d process con!ilit.ns and
ac:ua: e.posures i:, pilot pla:s5. Irhe. diff, rcences indicate HIGH TEMPERATURE CORROSION - ^---. -- .. .
that variation? in ,p'rating c.,nlditions bet:veen various coal
gasiftcation prorc-oes are iarge enough t, cause significant
differences i-n vrrilsion beh..vivr. Sin,.ce : i:. nAt kno ,.: a: PILOT PLANT EXPOSURE
this tin: e ahich pro.-s.s>es v. il be cou :erci.alized i: t' :he
f'iure. it is n.-cessar to expoese :ateirials sa-m les in all
csi .rne and f..i.:re pilot p.la.ts. *AQIEOUS CORROSION TESTING . ..

EROSION/CORROSION TESTING L = .. -

_________J ____________ _ ii 1_ _ __!___
Ecxansion of Phase II Corrosion Testing of Metal C3-3 Coal/M iaterials and Cdniponents/ i. c 'ria'.
anld R\efractory Sar.ples: in Gasification Pilot Plants Corrosi.on Tcstint



UdJtCCTIVES . UIlI r I A I LUA PROJECT DESCRIPTION

CONTRACT'NO. E(49.18)-1784 (Mod 3)
Generate cngineering data, including CONTRACTOR Metals Prerties Council, nc.
both physical and mechanical proD- Southwest Research Institute

Soutnwest Research Institute
elties in the coal gasification en- ADDRESS P.. Draser 28510 This materials research project consists of two tasks to:

vironment, on mnaterials that are the ADDRSS Dawe 2851, , San Antonio, lex. 78. 84 Conduct a full set of mechanical tests in air to serve
rrmost likely candidates for use in the as a base line for the data developed in the MPC Coal

construction of plants for the gasi- PRIN. INVEST. A. Schaefier/C. H. Wells Gasification Atmlosphere (COA!. Pre-exoose
specimens to the CGA at 1000 psi for 1000 hr at

fication of coal BEGIN/END 1 Jul 1976 thru 30 Jun 1979 temnpratures of IZ00, 1500, and 150IS F. Conduct
subsequent tests at temperatures of 80, 1200, 1500,

',,________._______, _ ~~CONTRACT VALUE $1,913,289 andi tS0'F and in air and/or CCA at:nospiheres de-
pending on the particular test. All tests are to be

SPONSOR FER carried out in accordance with applicable ASiTM spe-

SPROJECT JUSTIFICATIO N cifications using standard specimens. unless other-

P~DIRECTORiTE Materials and Power Generation wise directed. The 1mechanic;al tests to be carried
out include tension, hardness, impact, stress rupture,

TECH, PpmI. ncr. T. P. rrw s 1 a
nd ftigiue.

Exposure of materials to the hostile environments TECH. PROJ. FF. T. . Cox ani fgu

encountered in coal gasification plants can seriously i.t Determine the following physical properties by estab-
affect their m echanical properties. No data arei CATEGORY/DETAIL Materials and Components/Materials lished methods for each naterial: m.elting point.
available detailing the n:echanical properties of candi- specific heat, density, and emissivity. Measure the
date alloys in the coal gasification atmosphere nor FUNDING following properties from room tepeorature to
does information exist as to how those properties are (thousands of dollars) 2000'F: thermal expansion, therrnla! conductivity,
altered hSv nrelIonged exposure to the atmusplhere. _ --- nmodulus of elasticity, and -'oissun' s latio.
I;ese data 'ae re quired before large, production- FY ERDA CONTRACTOR TOTAL
sire plants can be designed to operate for long periods __ - Materials to be tested include Incoloy-800, type 310 stain-
of time free from, mechanical failures. Consultation 76 1000 - 1000 less steel, 1HK-40, and 50Cr-50Ni. Selected data is to be
v.ith representatives of several large engineering determined for these alloys for welded joints (conforming
firms that specialize in the construction of large gas TQ 140 140 to AWS and ASIME standards) in addition to the alloy itself.
facilities has confirt:ied the necessity of generating Mechanical and physical data on the materials only are to
these data. be obtained for types 309 and 314 stainless steel, RA-330.

and -IK- 40-3Si.
Reesearch on "Materials Research for Coal Gasifica-
t:on" has been conducted by the Metals Properies
Council (:PC) since October 1972. The program con-
sit:s of five phases: high temperature corrosion,

corrosion, and engineering properties.

The philosophy of the program as initially designed
..as to use the first four phases as a screening mech-
anisrnm :o determnine those alloys that are likely candi- ACTIViY SC EDULE
dates 'or use in equipment in production-size coal rT -. I Y SC E lULt
ca.ifica:i n ptlants,. Those alloys surviving theTY 76 T S FY77 FY78 FY79 0 FY
Iscr-cnin, process would then be considered in the ACT [ 7TY 77 Y 78 FY 79 FY 80 Y
final phase where extensive engineering data of
mechanical and physical properties would be compiled

r their heir havior in the coal gasification e vironmr.ent.
Ij Ins:f ic int data existed, then MPC would devise a
res-arch progra. to develop the needed data. The CONDUCT MECHANICAL TESTS
.pr,,gram has progressed to the stage where the num-
Fer ,,f candidate materials has been reduced to a
|reas n:ably sm:ll number and, since the search for
-i:<,in i: atl has podu:ced nnce. it is no. necessary DETERMINE PHYSICAL PROPERTIES ...........
| . .:-in d:de'.elpinr eng;ineering data on reiaining

i m a..Q.. Is . I _

) ______'_________ _________ _'.____ ____ I_ ___ ______ ___ I __
-hv isical and X-M chanical Propertics of Certain Coal/Miaterials and Components / Miaerials

',,lo;, Pk.asc: V of ";k,.-tl:.r;ias Research for Coal 0- M4terials Properties
.J., .'. , _, S '}



dJ:)t:vllt-; I vtb ,.1ti, 4 L /-Iv ,j- / Hf PROJECT DESCRIPTION

Test, identify, and evaluate commercial CONTRACT NO. E(49-18)-2045 This project to trst n .t'te rials for us' in advanc.ed p oer cycles
consists of eight tasks to:

and advanced excerimental materials and CONTRACTOR Combustin Engineering, Inc t
-oatings under design conditions simu- , . Scl.ct fotr high t.mpr.rature alloys for 300 hr tests at

lating advanced fuel] power cycle ADDRESS 1000 Prcspect Hill Road 100 tor ( ,KDl F in thi Kv.lsi..at r .t ilopst tont Labor-
·. .* ' w ^ tory (I:DL) facilit y. Eivaltlatt. *at h-ast two coatingscombinations *Windsor. Conn. 06095 for furtlher testing or the sc alloys.

.·.' 11. 'Evaluate four coal feed stocks, which repr sent real-

PRIN. INVEST. A. L. Plumley ' istic ranges of fced stocks available for po.:er g n..ra-
tion in the U.S.. in the KD t.. test furnace and in

BEGiN/EKD 30 Jun 1975 thru 30 Jun 1977 op,'ratin. utilities.
III. Establish tlst conditions to be usi'd in furthe.r testing

,,_________ _ v ~~~~~~~~~~CONTRACT VALUE S937.471 in the IKDL solid fuI-l-fired tst fu rnace aimed! at
simnilating actual fi.:ld units burning tlh s.el.ct'd coal

SPONSOR FER/CCU f ed stocks.
PROJECT JUSTIFICATION IV. E:stablish test s.-t ups in the KDL furnace so tha.t the

DIRECTORATE Materials and Power Generation probes ill be xposed to the- ,.:lvironmcnt and ,as
vclocity in a genomtric arrang.-nent similar to the

TECH. PROJ. OFF. S. J. Dapkunas st-prheatcr section of actual. boi!rs for liquid-
counpld c larnkine and closed lirayton cycle syvtems.

Adeanced powu.r systems will operate at higher temperatures CATEGORY/DETAIL Materials and Components/Materials v. Fabricate test sections of each omvte rial to i.e included
than current systems in order to improve powecr conversion onl p:)r)hcs frmnl the san:e stl.ck lot of co:nn:ll rci:ally
efficiency. Nt.t :rials that uwill be alb, to operate reliably at FUNDING availabl . robing mint.'-tril. le tain oriiinal iun,-xposer
those higher temperatures n eed to be identified. Corrosion (*housands nf dorlars) tubing to allow compn rison of prop,. lt;t s of mat. rials
dat:a must be d--velopt d to show how well th-:se matrials (tho a of do las show ing chang.s r.sulting from e xpo.srre in furnace
u ill hold up in the advanced po er system cnv.ron-cnts. s ._.. .n;. n.
Thif proicet vill produce data to suppl.ncnt data being FY ERCA CONTTRACTOR TOTAL
dv.-loped in other Fireside Corrosion tasks. - VI. rest sp.:citwnefis in K; L furnac.- and operating utiity

*75 Q937 -- __ Q937 boile]rs a. e.t:ll s..-fa.ce te.:p eratur ..e .f 2;0 to
850 'f (controlled by retuilating amount If air passed

throuch l st lFr)cinlsns) andll t.o gas t'ln!, rat -irs.
Det.'L rmine loss of metal by measuring uight loss and
reduction in .vall t!ickross of test speimenis.

VII. E:valuaLt' the re:sults of the testing on the basis of
changes ol;cu ring in the sanmples s a res:ult of
exposure to the test cnvirontnent.

VIII. if test resilts inicate that: a r:peat of a particular
test or ar. extanlsion of t'stiinl: is necessa ry, perflrrmi
the nece:: ary tests usin- original feed stoc'k sampl.s.

ACTIVITY SCHEDULE
ACTIVITY FY 76 TRANS FY 77 FY 78 FY 79 FY 80 FY 81

SELECT MATERIALS

SELECT COAL FEEDSTOCKS

ESTABLISH TEST CONDITIONS

ESTABLISH TEST FACILITIES

PREPARE SPECIMENS

CONDUCT TESTS _

EVALUATE RESULTS

ANALYZE DATA ., _

Effect of inourities in Coal-Derived Fuels on 03-5 Coal/Materials and Components/Ma.'.terials
Service Life of Boiler Tubes for Advanced Power Fireside Corrosion il1
Cycle Apiplications



u-a tld t:bi~ < >'S » -i^sCI tfIi VIi t PROJECT DESCRIPTION

CONTRACT NO. E(49-!8)-2210Develop empirical heat flow/ Th
l. experilnntal pro ram con.sist, of t,!l following si t.ass:

thermal conductivity models CONTRACTOR Battelle Memorial Institute i. Su.ey apornpria.- lit. r.tur: on th the.rma.l condl-ctivity
of refractories andl on ha-at tran-rfrr throuagh refractory

for multi-conlponent refractory- ADDRESS 505 King Avenue .i;n. ng. prepa - crnetial ,,.,saltion -r.rt of ..i.t.n

lined gasifier vessel walls suit- Columbus, Ohio 43201 1n. De..r.v.. ,lhen.aic.ai mno!c for ha-t transfer through

~~~~~~~~~~~~~~~~~~~~~~~~~~able for use in the design of ,"Slnu!' .~,! nrol;ucom'pon.nt rl~.f-ctory 
/

-'.11 with anable for uise in the design of PRIN. INVEST, I. R. Schorr ,ithout,,.,tl., an.h.rs, with andl wi:thout flaw provided

commercial refractory linings iPRIN. INEST J. R. Schorr r e.lca artt .. n niu , bl..
D li i i>oal im/*nfication~ »\f\se~ ~j * n » 1l. Design. constr et, or alapt heiating oI; ronsce - capabl- of

for coal gasification vessels BEGIN/EiD 1 Jun 1976 thru 30 May 1978 op-,r.ting at r.aur: tupto ,ionh, . sit,:e far heat
transfer 'xpe rimltts threugrh a r-fractory waUl p;n.-l

\------__--------------/ v CONTRACT VALUE $445,373 tra*irin at l ; t I r s ft ing rios a conpositions at aitlnosphe rii c preqsitr'. I're'f, rnbly t!h- furnicres
sio a:!d. , al:l-, . sitiall'>. for heat tra.:ltfcr els-lies at

SPONSOR FER lvant.l. pr.-ssars L I o 0 i.0 pi. low....... iince tIh

PROJECT JUSTIFICATION con.trul.ton of ...ch fu rnac.-s t ay Inb prohibitiv.:ly

DIRECTORATE Materials and Power Generation rxp.i,: -...an.ier lr ..aocrs m.ay be pref.rre rfor high

It -at flow calcaul ion are uisually ba.ed on ther-.al conductivity TECH. PROJ. OFF. W. T. Bakker IV. M asur. th .l gaditts nd at tr...f. r it thr .
data nmeasured on small !aboratory samplvs. 'l'h.,. ealculations rquililria1n rcnditions tlhrolt.h a r:fractory p.-n-:l in !th
are only approxinmate and do not tak. i'tnt accoant the effect of 1f .uirnac at o,500. 1 O, I t00, an.I 2000F. ausion variou s

,-ta! anc o-r .l ..let.. e1d in Lihe r fe.stoa- thc ctfct of .er. c CATEGORY/DETAIL Materiais and Components/Materials linirg de eigs, l anie t ni.al. Th. lf.' t. ol ths foliti-
in th, lining. andi the effect of Cas cemposition and pressure. ing vrials ar a be inetigati on the basic lining
L-trr ..ra ..tr , r e ... indiicate significna chang... hen the pore FUNDING 

:
.

!
n a a,-, opi i,, .d

svet:n: ;s fitl.d u i t hl a !ligh ti, r-nal conldctivity gas such as . t . r. r-Surns. aI. fl.w siz ..
h-!rog,.. .e cp-rially w'h.n a high por-,sity isul.lting r.fractory (thousands of dollars) V. Charact- r.:: th. lining .at rials id and and t icr.-
is u5 1, Ibuti tlin da:ta, whith a re mn-asur,-l orn sRmall laboratory - physical pro;-t rti.' p. r:tnint to th,' ht-at t-anlsf. r :est,:
sa..ip: .f only are cnnllic:ira. N.o lata drc a.vilall! on the FY ERDA CO TR.ACTORn TOTAL ti .rmal cn clu.:lviey. i:v dnily. poronity, ti .rral x epan-
e'ffct of farchors or o flaws in the lin:lng. l'hu. pr,.csc heat . nL | ._ta sion, hot a1ll c:ol struilgth, al! pr:,ala:ity. r.'rforn
trransfi r calcula.ti''ns ar' neot f.a siblc,. leading to the dsign of non!de st rctivr t' et in of !inia,' b. - n anl .afte r tet to
v- -. -ls aith the p ossibility of too high or too low eal. tI.,mp .ra- 76 445 - - 445 detJrrninr. son.nvtae of lining, if ,sitablt. m..athoda are
turncs. Th st (!iffliclltic s Can be o:ercome by the use of steam av.;ilabl -. Uct.- r-in.l phiysical propcrties of iinlng after
or svate:r j;ck:ets t the .hel] as is done in tha Ii-Gas pi plant. test. at v:ri,, ias p'ilat-- ia the linr.ing (t-:lfired rstractorirs
11o:v.'-…. ;h.ir is a roet!y solution. Failure of thc slt-ea or on!v): LOI, state of hydration. density. porosi-y. and
v.-a r cooinL ov-sti.m maay also cause prem.iture shut.iown. If str.'n-th.
th ' l.cet t rnsf!er thr

1
ouh th- rt.f actory lining can be accurately VI. Correlate the data obtained with the theorr-tical heat

c llcunted anl h!. ,h hll tempp,.raturi predict-d, extrnal cooling transf-r mda!.el oh,:tin,.d un.der Ta.1. I. if t hir is i:rsprac-
can be ,:linint:.d and a safer op-ration of a coal a asification tical. ,l:r ie mpiicat i.at flod moa.ls. Ta ,.se moi,.l.l
v-sCel can b,- obtained at significantly lower cos!ts. sh :ld be usabl for th,. dr:ign of con,.ercial coal cani-

fication vesslcs. pref:ratbly by m.ans of a conmp:lter
program.

,C-\. I lACTIVITY SCHEDULE

>~~~i- ..~~~~~ . ~ ACTIVITY FY 76 TRANS FY 77 FY 78 FY 79 FY 80 FY 81

SURVEY LITERATURE

DER!VE HEAT TRANSFER MODELS

ACQUIRE FURNACES
MEASURE HEAT TRANSFER

I; CHARACTERIZE LINING MATERIALS

CORRELATE DATA

K__ -. .. - ._____
Study of Heat Transfer '1hrough Refractory- 03-6 Coal/Materials and Components/M'aterials
L- incd Casifier Vessel WValls Heat Transfer



Iu j-tt I tIv-b UiMtV t AII UAIA 1 PROJECT DESCRIPTION
CONTRACT NO. E(49-i8)-22i8

This m-atrnla drf v. .lnp ,n' pr oct p n-iT Ss of thi- f[l]nw-inc

Reduce -or eliminate mechanical CONTRACTOR The Babcock and Wilcox Co. ht..,
I. I akr a critical lit. ra. u'r -.lirv.¥y ofr th' volu:,i statbility,

deterioration of monolithic re- ADDRESS Lynchburg, Va. 24505 nic.,Ianir. I .pr pr..... .n., ch,,'icalchang ... rl."..o-
liLhir r'fractori'-.'s ,uri.l. curiaet, driyout. aitd h,-.' -up.fractory linings of coal gasifica- lihi r-.r-....rtri ..rkr. forr.,inol. irli. nn t , of

·*. -. - .'~ ] ,'larc proI. r-r.s' o r c. rl . 'io i notitli ' linin s hofat- p.
tion process vessels . . r prn . *C. du ri)n h'sn- '*p.

PRIN. INVEST. E. M. Andelson ti. D2 rvl -in. -thik -sloonol.tsicr r rsfctory lii insoccurrin: in IL-in. -;hik nmonol ithi¢ r.'fr.ctory linintr ,

BEGIN/END 29 Jun 1976 thru 28 Jun 1978 .roog;.. mp .:.t.rl. .t000'
F

, o hilg'. l ri.alt propr-
ti's ava_, isbh' il the lit. ra tr.

CONTRACT VALUE $939,175 Ill. Dt,.r nn r,.,.lvanlh. nlrl,.nilel. prop,,'rti.. rof alt'i
:.l\>mi tr'- -nl p.h..ph : te-b,,nd,'d inonlilthic .r-frac-

PROJECT-- JU----FICAT-O---- SPONSOR FER tori.s .at t l.l>,.trarir . i in ' ll '00 to rVOO't-
'

r;:l.n,.
SPPRONJCT JUSTIFICATIO IV. Dr1e lop or ..:ndify .....inAolliic r..frrtory rl'r atri.'2 to

PROJECT JUSTIFICATION impro- th.:ir --qL;n,. to 'r dui;irng b.at-.p.

Mono:ithic lilinr.r .:s1-ld in ctal casificalion pilot pla.t. usually L at 2 -1 in.. a h.'I il t on nt I.,t amt .i in.. , ;nc .1 lainc
.-rack durin:i dryout i n iusitial hi.tat-op. Tlhil is also comon TECH, PROIa. OFf. W1. T. Bakker Tthic isa, na I in. G;'h. fu .ri:.- .... 1. .t a ..lip..r-
in oth.r !. r,. proc, rs vv.sel. linl.d h ith mo iitic rcfrac- .tlr,' rap !,tili:y up to at le.ast 2 tOO't 'i-lh hIt-- lp r.atl

t r:·.· ?I·;,l·as' c3on.c!.sstary r·for-mlrc asd catialkytic crackrrs in CATEGORY/DETAIL Materials and ComCponents/Materials up to ot'.-t/1i/r a..l osun't i' atl it p..-, t...... i «nt .i..irrs
' ,h. pe.-trr -c>l-l,,,cl, ! in;d!t,,ry. and .n¢alinF pits arid rehe.at t tb i/ lfupL r/!aenai an o po e t/vitra^;,;, ;t, ,o p.Fi In/.slrI,,..ni tt ti',lr l s...' ;i, n,,.a-

thP,........ -r, - , . r.pqac i-r: tuh.'., .tross, ;,t str.ls at :'arhi' sj .urn..t.. in th.- stcel industry. i ' U\ i poisto in ti-, linin nt t ' a r.nit at tlr.!.
FU N D IN G po it i. i ;..- !ii .. n, .~1 th , -..! r.h.-!H.

i, aiddition t, atr. . and s trains icn,. rat..! in the r':ractory (thousands of sollars) vr. , ,-. . ni strna (ir/ r:rrtinnl
linin!- C.lrin,: h.*.-.tt-t:. n:.l.!tional strcsses .and strains willf ;h,' furna' li,.ing as n f,'ti o n£ t,'lp.,rntu. , h.-
prl.~ably ocur rturing thti .-op. rnion. .spca:y d :!.ring g yc c li .- n t. ee -riPl. i d. i n.n. n ln.
op.r:itio:s- in uh:ch c-ithcr ;ih tl.nip.:'r:urc. pr..'sl.. ror 'FY ERDrA I Ci1TRACTO TOTAL Va riabn t. * i: ..- 'i,,,.:. i,. i .r..t.tli.. .FYcta C TiaAt-up
atinc.:,h r i chanc- d. '!:hse 1tr vsses. to t'h.Tr ith clrro- rat., linin"l nlh,.rial,. anI d.ri. n.
si.. a-.d ..r.siv. en.ironm. .lital con.litions. . ill probably lIad 76 Bno 107 .. h.. * . ! t
to a c-ad.,ai d.- radation of the r-frat-ory lining. he Vl. rAter :he h.-a.l-p .... inp.c ,. linir fr pthysicl
and rate. of this i eterioratio n prorcst should be tsudied ti . iamaic' Isi, .: T ir iss it appli b . if *h. Ii:ii is
plid-uc .a. ong-t.lrm atrvice life in th. r.fractory lining and not too ba'il .<a r.-.ck l. ot.aliiin sarirl s fr<iin .iariou.
to dce<'lo D, iniproved mr terials offcringi th.- promnise of points tn <.ttl r, i ...;ire .y plhv; ical pr. rtis . such as
incr ..r -s-dl rv-ic. lifo. .01. .:t.r.' of hydr.tatin. ldtcnity, poroni:y an-i

snrcsnth.

VIl. Makl Ith foll, wing cor r.lations ,with th,. probability of
crack forn tion in tn' r.fractory lin.r: physical
ppropertics of the mnatl ria : ILfint d.' rigs (thicknoss.
anchor sstcinC. and typ;l: operating proctdur.s- (h'at.
uP rat,. alto'yphtric cnditions , >-it,: and tIhe *,vct
of v,:s.l sie.

ACTIVITY SCHEDULE E

ACTIVITY FY 76 TRAhS FY 77 FY 78 FY 79 FY 80 FY 81

SURVEY LITERATURE
DEVELOP STRESS MODELS
DETERMIIE MECHANICAL PROPERTIES
DEVELOP MONOLITHIC REFRACTORIES
CONSTRUCT FURNACE
MEASURE STRESS AT HIGH TEMPERATURE
TESI LNINIGS AFTER HEATING
CORRELATE DATA

Irnprovement of the Mechanical cRliability of 03-7 Coal/Materials and Components//Materials
*'03oolithic Refractory Linings for Coal Gasification Monolithic Refractory Linings
P'ocess Vcssels



wuu~-_> .,~ -_· , I. /- ~- i P -- ,4 M PROJECT DESCRIPTION
CONTRACT NO. E(49-18)-2325

rConducT- t ^corrosion/crosion experiments ... .This materials evaluation project consists of high temrpera-Conduct c0orosion/e rosion experiments CONTRACTOR Battelle Memorial institute ture corrosion/ercsion experir.ets on candidate heat e.-
on hcat exchanger tube materials exposed changer and supcrheater tube materials exposed to gaseous
to a high temperature (1300 to 1800 F) ADDRESS 505 King Avenue corrosion and particulate erosion in arnd above the bed of an
gaseous corrosion and particulate erosion AF3CC containing liniesto:e as a sulfur oxide sorbent.

environment in an atmospheric fluidized Columbus. Ohio 43201 Include 9 Cr-l. 5 Mo. 30-4 stainless steel ilK-4;O (310),

bed coal combustor (AFBCC) to establish R I T A all Inconel 671. and X-40, as well as cither the 304 stainless
cen.gineering durability data as a function A. Hall or the K-40 with a protective icatin.g as materials for in-

of materials properties. DrI_4,rr~fl 00 ~ l07~ a,,,, and ahuove-bed testini. Ahsse-ebl e materials into a i r-cooled
of materials properties. BEGiN/END 28 May i976 thru 28 Aug 1977 probes consistin, of t1 cy'indrical specile .ns. each wilt:

the rniocouples located in the probe so that infdividLual speci-

,,__________ , ~~~~~~~~~~CONTRACT VALUE $768,637 men surface teinperalures can be det.rminvd. Air-co ol the
speciincen probs to nmaintain a temlperature gradient froirI

SPONSOR FER/CCU 1300 to 180b'F over the length of the probs.

PROJECT JUSTIFICATION Initiate a single 2000 hr run in tie AFBCC. Insert tvo cor-
DIRECTORATE Materials and Power Generation rosion probes in the bed and two in the space above the bed

at the start-up of the run. After 10 hr of operation. remove
TECH. PROJ. OFF. S. J. Dapkunas one probe at each position, refill theml w.ith specimens, and

reinsert them into the cun'bubstor for a period of 500 hr.

CATEGORY/DETAIL i'vaterials and Components/Materials Allow the other 't, probes to remain in the AFiCC for
1500 hr or longer.

FU N DItNG Analyze each lot of coal and determine the composition of

(thousands of dollars) the ash and sorbents. Take gas saniples fronm above the
.______~~_______ „____________~ _fluidized Ibed and correliate thesr data, where pessiblc. with

FY 1 ERDA COTiTHACTOR TOTAL the cheinical data gatnhered above and with the operating
·

%
*^--- -- -------- ~~~-- - - . - . , .conditions. Take samples at the start of the 10-hr run to

This project will gather realistic engineering data -_ _ -58 characteriz. e Ith cosurc condition at the probe lcations.
on the corrosion of heat exchanger materials in an M Nake additional analyses at the tie the first probes are

atrriosoheric fluidized bed coal combustor for times remnoved (10 hr). repeat the analysis at the cnd of the 500-hr

up to 2000 hr. This testing will provide input data exposure, and at the conclusion of the 1500-hr liniirn:im

for future fluidized bed designs in the most direct exornsurci. Make in-bed m.asur emen:is of gas p article ve-

and rapid way possible. locity nuar the specinmen probe.s. Maintain a complete
and rar~id way possible.~ characterization (chc:nical and microst ructural) of th; test

materiais. Assess material pCrformance, make co:npara-
tive nietallograp!ic .exaiiination3 of each itaterial etsaluated,
and obtain hardness and bend test data.

ACTIVITY SCHEDULE

. . .. ACTIVITY FY 76 TRANS FY 77 FY 78 FY 79 FY 80 FY 81

ESTABLISH TEST FACILITIES == = =

PREPARE SPECIMENS -

CONDUCT TESTS

EVALUATE RESULTS E=

Evaluation of Heat Exchanger Materials for Use in a 03-8 Coal/Materials and Colponents/Materi;lz
Coal-Fired Fluidized Bed Combustion Environmnent Fireside Corrosion II



uW JtL I i-v JI I 'H tI )ll 't UA A PROJECT DESCRIPTION

Provide reliable, long-term engi- CONTRACT NO. E(49-18)-2326
neering data on the corrosion / ElectricCom yThis materials evaluation projict consists of the followTing

nee ring data on the corrosion/ CONTRACTOR General Electric Company three tasks:
erosion deterioration of: i. Conduct small burner tests using synthesized atnos-

ADDRESS 1 River Road pheres and/or deposits representative of those in gases

Gas turbine materials ex- Schenectady, N.Y. 12345 exhausti.ng from. a pressurized fluidlized bed coa; corn-
ps ed .o e , te, aust gas~ lSchlenectady, N.Y. 12345 bustor (PF1BCC). Perform the tests at a specimenposed to the exhaust gas temperature of 1600 °F, using a mnaximu:n of four can-

from a pressurized fluid- FRIN. INVEST. R. G. Frank didate turbine bucket and vane .iaterials seiccLed on
the basis of existing corrosion rates in fluidil:-d bed

ized bed coal combustor BEGIN/END 1 July 1976 thru 30 June 1978 conmbustor atoiuspheres. obtain and d!ocum.en miicro-

(P.FBCC) structures iand chemnis ries of these -. aterials. U se,.___ ___ ' . v ~~~~~~ CONTRACT VALUE. $240,035 exposuire tlirmes up to 7000 hr rcm.oving and eva!uating
specimens at intermittent periods .ith the objective of

SPONSOR FER/CCU deve.loping a relationship between time and penetration.

PROJECT JUSTIFICATION Evaiuate speci.nens metallographically for averagec
DIRECTORATE Materials and Power Generation n

etal recessin and maxilur n penetration due to cor-
rosion. Where appropriate, conduct chemical analysis

TECH. PROJ. OFF... S. J. Dapkunan s of de posits and metallographic analysis of surface
TECH. PRO). OFF. S. J. Dapkunas .morpiology on selected sa.mplev.

CATEGORY/DETAIL Materials and Components/Materials I. Fabricate specimlens of the s.ame materials tested in

FUNDING Task i for testing in the Exxon miniplant for tines up
to ii 00 hr. Obtain and docuntent miicrostructures and

(thousands of dollars) chemsistries of these naterials. ;ietallo raphically
evaluate the specimnens after exposure for ave ragie lmetal

FY ERDA CONiTRACTOR TOTAL recessio;: and r...a:!m... penetratio.on duc t.. erosion and
corrosion. Wh.er nTppropriate, conducLt chemical anal-

76 100 - - 1 00 ysis of deposits and metallog raphic analysis of surface
morphology on selected s.:nmples. Compare erosion/
corrosion behavior of exposed samples vith alloy
composition.

IIi. Compare chemistry of deposits and morphology of

This program will gather data now lacking, on surfaces of specimens exposed in Task I and II. Based

the corrosion/erosion behavior of materials used on Task I cor ro sion dta, estimate the i vs
or parts for se-*ral assumed. contaminiant levels anc

in gas turbines run off a pressurized fluidizedls an
bed coal conbustor. The technicue wvill vield operating tenmperatures and pressures: use proprictary
reliable data in a most straightforward, rapid models and omprnuter programs to generate these

.T~~~nanne ~r ~. ri ._f _, estimlates.moanner.

'ACTIVITY SCHiEDULE

ACTiViTY FY 7 TRAgiS FY 77 FY 78 FY 79 FY 80 FY 81

CONDUCT SMALL BURNER CORROSION/
EROSiON TESTS

FABRICATE AND EVALUATE SPECIMENS FOR ,
MiNIPLANT TESTS

COMPARE SAMPLES FROM BOTH TESTS

_______ ___ _ _ \_ 2
Evaluation of Turbine Materials for Use in a Coal/Ml aterials and Cormpo ents/Mat: ri-.ls
Coal-Fired Fluidized Bed Combustion Environment 03-9 Fireside Corrosion II



CONTRACT NO. E(49-18)-2327 This project to evaluate lmaterials for corrosion/erosion
consists of tasks to:

Determine quantitative corrosion/ CONTRACTOR Westinghouse Electric Corporation 1. Select coal and sorl,.:nt fced.ttcks lfor telts in the
erosion data on selected heat ex- Exxon nmiipl-an. Ivalute IIS-tits. incioy 800.

changer materials exposed in the ADDRESS 1310 Beulah Roand H n.sl,,: L .. aX.lvc tyFe p04 : ,tai.trss s.lI.... ua s 25i-fuoll. fur ab1ve-bud tuperhc:,turs. i':va -uat2. g.5 CCr-
1-^ -~ Pittsburgh, Penn. 15235 1~ M S-tcel, Cr - 1. 5 M. sel<,l lal.t..lloy X. anidExxon pressurized fluidized bed Pittsburgh, Penn. 15235 I S-o :,t frn-lid h, t . e ,rt. att X. aed-d

jonts ,f both types .f .. atrials. Us- ter.perrturescoal combustor (PFBCC) for times PRIM. INVEST. D. L. Keairns o i0 os0' r tti,:cr-M tls. U0't'- ^ tr . .ytur
up to 1 1i 00 hr. 800 and 304 SS. 400 'r fir li-. !ast.llo,y X and incoloyop o10 1U00 hr. BG iEBEGIN/END 1 Jul 1976 thru 30 Jun 1978 800, and O1600' for the .IS-18d anri llastll,y X alloys.

Expose these alloys in the Exon mininiplant for 1 !00 hr

, CONTRACT VALUE $244,644 using slecc.te fcdlstoc.s.. l c ...l ,o tst spcri inns forCNA'-------------------------------------------T-- VArinrtne! »HLUE. $24t'4,0644 mctaliurgical ,x.t-nination at 100, 500. and 1000 hr and
at other times if requir-ed by corrosioin/ rosiun tde-

SPONSOR FER/CCU tcrioraltio:n. Analyze cu al and s ri,.ntl for vt rieus
PROJECT JUSTIFICATION chcniic-l elcmrentcs, including alkali adi alk;alinr C.arth

DIRECTORATE Materials and Power Generation lr.ctals Clt..ieCri, . all anl il,, cia.iLcany ;.:.. rcstil.
lurgicauly . E.vjiu-ltt te-' stcd .: t,, .ri il s (itiudc mghn U welds
ani region in contact eith stt.an) for extent of mnate-TECH. PROJ. OFF. S. J. Dapkunas .ial rec . .in cd,,:ct it. ) for ,.t ... t tnt o:rial rce-siion Omit: tt erositn. together with rxtcnt of
corrision d:lr riTration as mrasured tby uirfacc I-ss

CATEGORY/DETAIL Materials and Components/Materials and corrosive pcnetratio. . Analy.he the dcl.nir.al and
physical ntluree of surface dep,,vits and scale on

FUNDING sp.cit..tnc.

(thousands of dollars) II. Runs sinul:lation tcsts in a orcy u riz'-d fluidi7cd bed en-
vi runri.nlt at the same tc:lperaturc-alloy comlhinations
as in Task I. and at a pressure of tO at!t .ith the

A'.is eff.ort ,ill generate reliable, quantitative data FY ERDA COtITRACTOR TOTAL :as .. la.. 1, .. d .t ... r l. .mf h-. - E...n
on the co.rosion/erosion of selected heat exchanger tnspres vn i. ti oe Eomidniplant results. Nlici il n, t,. B tithe i, to -e lOG hr.
and turbine materials by laboratory screening 76 100 10in rcsul.xpus. N'pr cilicns in ier t , of surfacr
followed by exposure in a PFBCC. Realistic corro- 76 100 . --- 100 Claracterizc expos. e sp.c.ites in ter. s of s.rface

. reoreow ngineeri~ng datna will be gathered in the. 1 1scale, depesits. anid corrosive penetration. Correlate
nor./e.osion eneincering the results with the corrosion :norph,!,gies obtained
EL-.on Re.earch and Engineering PFBCC miniplant th I plnt .t.
over an accum:ulated operating time of 1100 hours. n the o n ini

Througitout Tasks L and it. a:trcmpt to providelr tst data
This programl complernents atmcspheric fluidized to permit correlation:s of secimen currosion/erosion
bed coal co,:hbustor Drogral.ls at:the Battclle Meno- v.ith: fluidirzd hed mlliniplanl. feedsttck characterirza-
ria! Institute and the General Electric Cotinanv. One tion and op.,rti:g cuo::idiio:s. alloy co:nposizion, in-
benefit to be gained by this effort will be in:sight into plant above-bed gas characteri.ation. spec:in:en
the r.eccssity for testing to ascertain corrosion/ero- teperature, and tilmes of exposure up to 1000 hr.
sion tinder pre.surized conditions. A significant Correlate characterized deposits on speci.mens with
advantace that this VWestinghuuse progranmi cffers is operating conditions.
the in!iighlt to :be gained on thc behavior of welded
mnate.rils and the effects of steanl corrosion/erosion J . /
on the interior of superheater tubes.

./(~~ ' ~ACTIVITY SCHEDULE
ACTIuiTY FY 7r T RA iS FY 77 FY 78 FY 79 FY 80 FY 81

PREPARE SPECIMENS
l . I.

PERFORM CORROSION/EROSION TESTING

RUN SIMULATION TESTS

CONDUCT ANALYSES l. .. .

Evaluation of Heat Exchanger Materials for Use in a 03.0 Coal/Mlaterials and Comiponents/.Mate r:ials
Coal-Fired Fluidized Bed Combustion Environment Fireside Corrosion II



CONTRACT NO. E(43-1S)-2452Operate a pressurized, fluidized C. This preject consists oif llte follixini tasks:

bed coal combustor for iOO hr CONTRACTOR Exxon Research & Engineering Co. I. DMsign m.llifiati,.ns o, th,. xisling pr.ssuriced :i.di....n
-bed facility to ac rept the tlrrbine tIst paisage supplied by

to provide a test site for ex- ADDRESS P.O. Box 8 General i:lectric and th,. in-bed anld abti, bed,,i heat .x-
cha,,ger prob's tI be suppli.d by ..e.tineh use.posure of heat exchanger and gas Linden, N.J. 07036 II. Fabricate s upp i i tse ,(d in .ak I and inall

-turbine materials by Westing- ,he GC...ra1 1lectric turbine test passage taettlher aith
house and General Electric, PRIN. INVEST. R. Bertrand siltprting utilities required for its ieratlin and thehouse > ~~~ and General Electric, ~~~~Westinghouse heat exchanger probes vith their reril-irrl
respectively BEGIN/END 1 Jul 1976 thru 31 Dec 1977 sipp!,rting uiiliti.s.

III. Conduct tc'ts' according to the folloeing schedule:

/J COITRACT VALUE $871,124 a. 100-hr shaked t assest s the perf . orm ce

Pof h-eat exchainger pr,obes and turbine Ltest p.assage
SPONSORO FER/CCU cIiijiauctio,, ith the grni:tar iti gas

fPROJECT JUSTIFICATION This
OR FER / CC U

ml cstcabhlishh th effect if t..st ,qouipent
DIRECTORATE Materials and Power Generation .in be:d ipreratin and. prov.ide an i pprtunity fur

General :lectric and W.-stinghlTus I, elvalu.d:.

TECH. PRO]. OFF. S. J. Dapkunas ii.te.rials ar a short tcst ru,.. t'hs t. t i s t, be
condnctr<d curingt one work \x ek.

CATEGORY/DETAIL Materials and Components/Materials b. 1t00-hr tL.ti: x. Isp..e heat .. -hantlger and gas tur-
bine materiils suppli.ed hlv u Wstinghli.se and

FUNDING Grneral :lectric. respecciei lv. f..r up to 1000 hr.
(thousands of dollars) Tis test eill be interrupted at three points (at
l( Ithousands of dollars) approxi:iiatlyv O2O, 500 ...ltd 700 hr) itI all .s. r.

tiieval, evaluation. ani reintwallatimn if spcteinllns.
The ideelop..mcnt of fluidized bed coal combustors has FY ERDA CCOTRACTOR TOTAL Du-ing !oth these t, ..n xx. ill .oai..tr tn ,-it.o!
n-c. ssi:ated a knovledge of corrosion/erosion rates for the telciperature of heat exchani.tr pr,;e a -!d materials
both heat: .xchanger and gas turhine mnaterials. The 76 720 720 in the gas t: rb:he test p ...a. .....i i .iitlnig :urb:ln pas-
Fireside Corrosion Program. Task i; (Evaluation .of sage inlet gas in the 1 00 to li650' F r.nae. It sill pru-
hi. ea Exchanger and Turbine Mlaterials for Use in a vide a 100 rp. int di L:: lI I:r t(, cltiti slu.sl.y llo::jittir
Coal-Fired Fluidized Bed Combustion Environment) was these specri:nen tcilllnersures, m.tnitr the co:np,.iltion
initiated to gather this data, if effIlunt g.as frilo, th bedl and g;; enlteing the til bine

'.estling.house Electric Corporation will evaluate heat test passage during all runs. and ll.niltr th. particle'
exchanger miaterials for in- and above-bed applications size distribution and p1 rticle loading in gas above the
in a pressurized fluidized bed coal combustor (PF'BCC) bed and in gas entering thi :tIrhine test passage. It sill
and the C;enera. Electric Company v.-ill evaluate mli- lmaintain a profile of bedl cotnditins. includiing tempera-
terials ,:sedi in a gas turhine operating in the exhaust lures, pressure. ant velocity for each run.
gs.ise. (if a PF1BCC. Both cotipanies \will expose their
materials in the PF.CC operated by Exxon for the EPA,
perfoi ming their tests during the same period of
PF13CC o peration to reduce test costs.

.r^~~ ~ACTIViTY SCHEDULE
ACTIVITY [ FY 76 TRANS FY 77 FY 78 FY 79 FY 80 FY 81

DESIGN FACILITY MODIFICATIONS

INSTALL EQUIPMENT

RUN 100-HR SHAKEDOWN TEST

CONDUCT 1000-HR TEST

Oearate EPA Pressurized Fluidized Bed Coal/M'laterials and Components/ Alaterials
* Comribustor 03-11 Fireside Corrosion IICornb-u sto I



CONTRACT FiO. Purchase Order 76-4

Make services of ceramic specialists CONTRACTOR Standard Oil Company (Indiana)
at Amoco available to assist in the de- ADDRESS P.O. Box 400
sign of refractory linings for coal gas- Napierville. III. 60540
ification plants, for failure analysis,
and for evaluation of work performed by PRIN. INVEST. M. S. Crowley
ERDA contractors on ceramic materials

BEGIN/END 16 Oct 1975 thru 15 Oct 1976

CONTRACT VALUE $4.500

SPONSOR FER This purchase agreement provides for the following tasks:

PROJECT JUSTIFICATION I. Rtviw designs of refractory linings for coal convcr.
DIRECTORATE Materials and Power Generation sion process v..irls.

,1. Assist ERDA and its contractors with the analysis of
TECH. PROJ. OFF. W. T. Bakker refr.ctorv linincz, aft.r .rvc-.

III. Evaluate th- work of conlractois engaged in pro'ects
CATEGORY/DETAIL Materials and Components/Materials on cEc r.nic maitrial..

FUNDING
(thousands of dollars)

Opera:int col.lit:ons in coal gasificr vaaseli have nuch in FY ERDA COCNTRACTOR TOTAL
comnmcn with those In some petrochenm;cal processes. espe-
ci:a!v in seconlary reformncr. Th'r forr, rciractory 7
lining ptactices used in these reform -rs are being used in 76.
coal tasificatlion pilot plants. Lining practices within the
prerochcsnical ind¢lstry vary conside raby depending on the
si.- .nd- op: ra;tig icondilions of the process -quiipr, .nt.
Th s, a -ingl., codifl d. and publisher

1
lining pr.ctice

*enisilir to the' AS:.!E boiler ant! pr.ss-ur v:ssel codes is
not availa!le. Instead, each liin n must be custom designed,
b-ased on the ri.Sqir l .rnts and past rxp. ricrne \'ith si:milar
de-sii ns. Th:s., tlh su cc-ss of a giv-n design de. tpnds greatly
on the skill and itxs :ricnt- of the dlisign engLn

1
e r.

Within the petro!ch,.mical and refractori'es industry, Anmoco
personnal and especially Dr. Cowley are, r cogniztd as
Ier!:n -. p. rts onr th: design ahd< installation of refractories
in petrohsn-is al pro.-sr v .s-els. in the past, ERDA ha, .
us.d theh s .rvi .cs of Dr. Cowlry on an ad lioc basis, and it
is bn .:ficial to h:av assistane orf Alnolco lpecialists available -
on a linited basis to provid, ERDA with th- b.-st possible ACTIVI Y SCHEDULE
rIf !rtorv t .. vic. a - o hf p trochh, ical inrl stry.

ACTIVITY FY 76 TrRAjIS FY 77 FY 78 FY 79 FY 80 FY 81

REVIEW LINING DESIGNS

ASSIST IN ANALYSIS

EVALUATE CONTRACTOR WORK

_<__ _. _ _ ___ _ _

Refractory Design and Evaluation Services 03-12. Coal/Materials and Components/M\aterials
Refractory Support



* Evaluat: rfr,-actor, r-ater-als CONTRACT NO. ANL Project 7!06. A'i~ ~~~~ r ~~~Thi>R contlnuatianrn ~ i nh ' ANL matcrial:~ tl:chnoloyv prIiAramr
for the ii-G>; s process conasats of the foli.it

t
wit Jic lti .;for the Boi-Gas proesss CONITRACTOR Argonne National Laboratory .coI. t , f.. . f .'

e Develop crosion- resistant I. !ni:ia! «tltlic s.:..-' ilg il.liin'l'l t Ihnl or1ly abolut 4 of th<:

ceramic coatings for metal ADDRESS 9700 So. Cass Avenue zl r:oraitri itsatlt arn ar t, ha-v t!h p.t,liaI t .ir-'iv(' Ih vi tt·r ro, i,~ 'nairi np'n!i elf the* }asgtiat Lasifier.
parts Argonne, 111. 60439 or Olf..s. :.l Cri.3.l .r,,,.r.li ,n lonn! .n-! th .fi ...d-

glar¢sy bodnSl .i'rviw',l b-.t. l!.nim tll.· r.~ults of th,'a»-
* Develop NDT methods for coal scrg trninna t.l, h..,,.¢* rtfrat. tIi -*. L.,lr .-..i.in" It. Ir

gasification plant comnponents PRIN. INVEST. R. W. Weeks .l... .rl iv./..r.,.iv.. in h. ,,.y .
*'- t plctlrd ttrsl rl<. Co'l~lth'l t,'~t s i,! p to IOOe ]jr qI irtiln

* Conduct failure analyses of EGIN/END 1 Oct 1974 thru 30 Sep 1977 .. n ..
failed pilot plant components II. E:vahn:l. c,.ramic * i.atinLs fIr 'oa.l-c,.nvrirrn plants.

_, CONTRACT VALUE $2,114,000 contract by Hr Sar Cl rsrlraiinn irn a .lutl;;.r >,0r i.b-

--- SPONSOR FER .n.riira.nl spnld il]i trains (lir«f,.ii.. car!iid.Sil.a nilrl:.s

PROJECT JUSTIFICATION .. .hi:,-!i.k:,I,. P... . ...... t..... r-p-s~.,
DIRECTORATE Materials and Power Generation t, b tl, .iti -,in il,,ri, as. .. .iitr.>!-rt,,iing.appli,[n biy thi' pla ns apray ti-< hniqul'.. A.-'r m 'a.plrtiai m

(f tilt .rtai~Pa tt'~'~l~I. ;rr ng~' t¢ plac, cr,-t,, I 't , Ic-
Project Justification TECH. PROJ. OFF. W. T. Bakker wlta.. .. l.hn. iiaagr, ,,i . ,, i.o ,a: ...il pil.t rvi.c Ifr,

CATEGORY/DETAIL Materials and Components/Materials In. c,.nti, .\f .. il,, , lia,. a,,,.p.ni.ias. i).t.,rn.n.
A study by th! Metals Properties Council in 197Z for appr- .priL.at ... ND1 s:h,,!to : ,; * s .1-.rl . In %'arioui r-it ial-a
the Office of Coal Research (OCR) indicated that cor- FUNDING coai, all.i... .n....sit'.r.l in pilt in.st n.cr a r.'iri

via'i.-ty o;I ,i -r.ating ,iolitiorls. Al pi.lt plant daa
resion pr.iblenms could be expected with both metallic ( thousands of dollars) - .I pr-,in c,.l aiiti. Ad pivl.l pnit t i airn
and ccramnic naterials for all of the coal gasification ______ _____ if d-ioias ,.i ,, ip.ra.. nal pr,,ll..lia i,, nt . i,,
proccsses bcine considered at that time. Work was CR C T TOTAL i l s p.
initiated by OC1. and expanded by ERDA to develop FY ERlDA COh RACTOR TAL . 1),vt ,i prr. l]iai,, lanl !apit t .. i -,rraoimn- r.,lio.
materials that could withstand tte corrosive coal .-lanvit r ,nal, sr '.al r al a n ta nt iiiln 1i pr. .in.5 iiiniti-,ns
gLasifier enLi ror.-.neits,. thereby iniprnving the eco- 75 560 _. _ 560 pTii ... r. arplt... a.. pra ii-tinr i-f .iig-h.ra p.-

i:umic f'asibility of comnmercial coal gasification 76 604 6C fi.a ifi p04rp .
sVst(Cn0s. 6 4 0 V. C.nhl la n.,i.'. ,,r if critical r.n... .... p.i .a.-:irnc-,it.

TQ 200 200 incitrliing l- alin of niatria ll tha,,t hav. il.. .-gin. .o.tro-
This proecct will complement other materials re- I ivli,-d.lrtiac,, . fr .nal4idviii.in ..( h ant ...Onl . il,,,.lls

search programs sponsored by the ERDA Division of anl fur .ff- .u . Sf th. il.l.t iti pr.iii t' i, :al; ii;is
Fossil Energy Research to provide materials sup- pltnta.
port, en.^ineering data, and quality assurance mecthods . Cntint t prfr faire analys. a ri lir . for
for coal V . , VI. C-ntinin-, to p-rfor-n f.i0!,-rc i nalys<;i, aa rrcnn-<*<), for
for coa! gasification processes. Data resulting from pili plantI . ..he :lxtc t a -... i.al...tiiaiia ill iep.ind on
this proiect should increase the reliability and de- .the i alpmarta.-nc f b.' l ipl s: :ti, t it i t}n. pii.;t'pl:,inl n p.-rition
crease .the cost of coal gasification plants, ain th. iiffiiulty in d>-tcrairinic :' ca ,sa- of h.. f.aliir..

. <~~r ~ACTIVITY SCHEDULE
. ._ . ACTITVITY FY 76 TRAJSj FY 77 FY 78 FY 79 FY 80 FY 81

EVALUATE CERAMIC REFRACTORIES -.

EVALUATE CERAMIC COATINGS F
DEVELOP NDT TECHNIQUES
DEVELOP CORROSION-EROSION CORRELATIONS
CONDUCF EROSION-WEAR EXPERIMENTS .. . -- L.

ij_~ .. .......... ~j PERFORiM FAILURE ANALYSIS .... . .=

[______._______J I .___III_____________ I__ _J

h4aterials Technology for Coal 03-13 Coal/Mlaterials and Components/Matcrials
Conversion Processes Grsifier M.aatcrials



* Colect .:xistirg data and practices CONTRACT NO. ORNL Project 7145
specifically r-lated to coal lique-
faction and gasification processes. CONTRArCTOR Oak Ridge National Laboratory ThlI t,:chnolcgy asse.samet projc: consists or the
E ivalueate data and prepare report P.O 80 X follo.winr five task

l
s:

on mate rials selction for prcs- ADDRESS i n - 1 Collect. dorumient. and ass.ss those environmental
.urr v.s el.s an! piping for coal Oak Ridge. Tenn. 37830 . and boundary condliions critical t: dsign critria
conversion plants based on design of coal conversirn rystl, compn.nets. inclu'.ing
crie-ria . data on: Kas-ous ,and l.uid stream c'wIposition.

Re:comnmend xtensions to existing PRIN. INVEST. D. A. Canonico ,,ticl ,,d . ,.-ici prs.. r. te;,per'.ur-s. and

code s alnd areas whe re additional
data should bc devetlopc d to BEGIN/END 1 Jan 1976 thru 30 Jun 1976 II. Assss, andl co:npil a listing of those construction
improv.'e design capability. material-s cronside. re-'l for and!/or used in coal con- -im'prov . -. proi-rsa s a ! ..! . inu what, if any,

,, .2_CONTRACT VALUE $95.000 .r.ri,,, prron.sse, and r,, lr.nino whit. if any.hrl.rating factors wcr,; ,:.sud by the d.- signer to incor-
poratl- known or un!nown facts, such as joint-.,

" SPONSOR FER r.el. d, and inte r'acer . In additiun. abss ss th.e rffi-
PROJECT JUSTIFICATION a1 . ic 1

deith .hcl th-* drs ignln r a. Cd Iin.chanicai and
DIRECTORATE Materials and Power Generation physical prop-,ri,.s; susc.iptibiiy to hyrlog,-n

cnibrittlllln.nt, strr-ss corrosion, erosion, carbu-
rizatlin, ar! oxidatlion: uelarility: i-x?['rie.nce of

TECH. PROJ. OFF. T. B. Cox t'nbricalirs with chosen mnaltrials: and fabrication
costs.

CATEGORY/DETAiL Materials and Components/Materials Ill. As-ss ,ize liitati ons pla ... on pr, ssure vss ,s
~~FlUND~~~~~I\~NirG~ ~ani! piping. !n .dldition, inv.fsti. atc. and -rport onFUNDING th,: following topics rclatci to struct i;al int, ri:y:

(thousands of dollars) effrct. of probabl- flaws and effects , f gcometrical
d.-sign chanrig- on failr,r n de mod . a .d Istress

FY ERDA COiTRACTOR TOTAL distributiEons.
IV. Rervi\vw and assess quality assurance techniqucs an4

The need for a coal conversion pressure vessel and piping 76 95 -- 95 syst- n.a applicali o prl rris.ricc vessel a;ndi piping
tcchnology assessment document becomes clear when ' syst':wrs.
sp.-cific desin criteria guidelines are sought. The ASME V Review and ai,,., sr r-v..illnc procedures no,
"Boiler and Press.ure Vessel Codes" do not specifically . bin used and a ppi.cbl: to pr,..st:'. ves el and
co.ncr te load, t.-mperature, and environmental condi- iping s.st-. s of coal conv r, in processes.
ticns associated '.ith the coal conversion processes. 'i'hs procst '.:res apoly to inap'ctim of cuolpnnrnts
Therefore,c the ASSME co.l:s have linited applicability for during slut-down period,. continuous in-s.rvic
these processe s. This proijct will result in the collection mo.nitorin:t of n-iate.rii perfornmancre, n nd pre-
of the many fracmnlte.d, but cxtr'mely important, bits of p opational pressur tsting for syst
documc-:rerlc infonrtation in this area, leading to a .credible n post-oprational pritssur tinor ssl
approach for th-: formTulation of.design criteria pertainlig nr
to coal conv.-rsion pressure vess,:l and piping tcchnlology.

ACTIVITY SCHEDULE

ACT'VITY FY 76 TRANS FY 77 FY 78 FY 79 FY S FY 81

COLLECT AND ASSESS DATA ON BOUNDARY
CONDITIONS

ASSESS CONSTRUCTION MATERIALS .

INVESTIGATE FLAW AND GEOMEIRY EFFECTS

ASSESS QUALITY ASSURANCE TECHNIQUES

REVIEW SURVEILLANCE PROCEDURES

Technology Assessment of Coal Conversion P3-14 Coal/Materials and Components/MIaterials
Pressure Vessels and Piping .Materials Pressure Vessels and Piping



CONTRACT ,O. ORNL Project 7146
Obtain pertinent information with CONTRACTOR Oak Ridge National Laboratory
respect to liquefaction processes,
based on analyses of failures, to ADDRESS P.O. Box X
prevent recurrences and thus con- Oak Ridge, Tenn. 37830
tribute to the reliability of lique- PRI. INVEST. D. A. Canonico
faction plants

BEGIN/END 1 Jan 1976 thru 30 Sep 1976

CONTRACT VALUE $100.000 Oak Ridge National

SPONSOR FER Laboratory will analyze
PROJECT JUSTIFICATION materials and component

DIRECTORATE Materials and Power Generation failures in coal liquefaction

TECH. PROJ. OFF. VW. T. Bakker plants and advise on solu-
Materials and components CATEGORY/DETAIL Materials and Components/Materials tions for the failures, as
of coal conversion systems FUNDING requested by ERDA.
are subjected to various (thousands of dollars)
debilitating conditions,

FY ERDA CONTRACTOR TOTAL
most of them occurring at
high temperature: oxida- 76 100 -- 100
tion, corrosion (from sul-
fur and other elements in
the coal), and erosion
(mainly from the relatively
high velocity, hot streams
carrying particles from the
coal). In addition, at re-
latively high temperature.
mnaterials lose a portion of ACTIVITY SCHEDULE_
their strength, as deter- ACT;ViTY FY 76 TRANS FY 77 FY 78 FY 79 FY 80 FY 81
mined by simple uniaxial
tests, although the parts ANALYZE MATERIAL AND COMPONENT FAILURES
are generally under some
complex multistress system.
To achieve better perfor-
mance, analysis of these
failures is obligatory.

_____ _____ _

Liquefaction Failure Analysis Center 03-15 Coal/Materials and Comnponents/Materials
Failure Analysis



CONTRACT NO. SL Project 7xxx
o n.vestigate material and component CONTRACTOR Sandia Laboratories

failures in ERDA's fossil cnergy process
development units, pilot plants, and ADDRESS Livermore, Calif. 94550
dumonstration plants.

* Recommend improvements in materials
and components, based on failure PRIN. INVEST. A. J. West
analysis.

BEGIN/END 1 Jan 1976 thru 30 Sep 1975 This failure analysis program consists of three tasks to:

[..________________________ ~CONTRACT VALUE $25.000/yr i. LnvsCtiCa'. material and compon.nt.'fai:.urs in
ECTDA/FE installations by visual inspcction on the

_------ -SPOiNSOR FER sitt.-. laboratory invcstitation of the fail:d! mnaterials~~~~~~~~~~~~~SPONSOR FER ~or components, and by o0th:, r methods considered
PROJECT JUSTIFICATION n ssar ... y.

DIRECTORATE Materials and Power Generation . co
II. Recommend improved materials anil componentl or

TECH. PROJ. OFF. W. T. Bakker desirn c!iangs, ai.mel. at pr-v..enling further fail-
ures an"- improving thl, syste:m reliability.

CATEGORY/DETAIL Materials and Components/Materials :it. Disseminate th,- kno,.lerdg, aciqired for ise in other

FUNDiifNG ...... appliab!. fossil c.r rgy inst.alations.

(thousands of dollars)

FY 'ERDA COTRACTOR TOTAL
Fossil :ne ry Rcsearch has orgnni7ed a materials and TT
components failure analysis system covering all fossil
cnerCv proc-.ss d-v.lopment units. pilot plants, and 76 11 - - 11
demonstration plants to provide reliable and durableT A -
m'nate-rials for coal conversion processes. Contracts to TQ 14 - 14
perform failure. nalysis .are preCs:ntly in force with
iaboratories l.r-at,.d in the eastern '.S. where most of
the rexpeirinmntal plants are located. if a failure analysis
system is to b, *ffI.ctive. its response to failure
occurrenct s must be quick.

At pres-:nt this cannot hb accomplished for pilot'plants
tocatid in the wvstern L.S. 't is. therefore, desirable
to initiat, a limited failure analysis program in a western
!aboratory. Si:ce FER alreadv has a materials program
at Sandia i..ahornlorics in California, it is best to have
this pro r.:.m at the same location. Then, nate rials
p-opl.: fro:m the concurrent programr can be used for
failure analysis if and when a. failure occurs. ACTIViTY SCHEDULE

ACTIVITY FY 76 TRANS FY 77 FY 78 FY 79 FY.80 FY 81

PERFORM FAILURE ANALYSIS WHEN
REQUESTED BY ERDA

INVESTIGATE FAILURES

RECOMMEND IMPROVED MATERIALS AND
COMFONENTS

DISSEMINATE INFORMATION

Analysis of Material and Component Failures 03-16 Coal/Materials and Components/ Materials
in Coal Conversion Processes Failure Analysis



D<., .I ,, -, t~, L_ _ .. .I /,'- ., I .-L v ci II r I l rII- IU IM-

CONTRACT NO. E(49-18)-1749
a Analyze processes by which

materials corrode, wear, or CONTRACTOR National Bureau of Standards
break in coal conversion Test methods recently developed or currentlybreakn coal conversion ADDRESS Gaithersburg, Md. 20234 under investigation in corrosion-aided frac- -
systrems ture arc being expanded to test materials

* Provide data on construction undcr coal gasification conditions. Toward
materials for coal conversion PRIN. INVEST. S. . Srhneider that goal, this study consists of the following
processes tasks:

BEGIN/END 1 Jul 1974 thru 30 Sep 1977. Build eqipent to apply constant-
I. Build equipment to apply constant-

\_____ , _ _ __ ,,v~~~~ ~CONTRACT VALUE $875,000 strain-rate test techniques to dtcer-
mine metal susceptibility to stress

SPONSOR FER corrosion cracking in coal gasifica-
PROJECT JUSTIFICATION tion atmospheres.

DIRECTORATE Materials and Power Generation
The high-temperature, high-pressure coal II. Develop techniques to permit imn-
gasification processes currently being devel- TECH. PROJ. OFF. W. T. Bakker proved screening of materials for
oped require construction materials that can Matials and Comria use in coal gasification plants.
withstand more rigorous conditions than CATORYDETIL aterials and Compnents/Matera
those previously encountered. As these new FUNDING III. Develop a test apparatus that will
coal gasification technologies are developed, (thousands of dllars) produce erosive wear at high ten-
new test methods and data must be produced __peratures and pressures similar to
to ensure the reliability and durability of FY ERDA CONTRiCTOR TOTAL coal gasification conditions.
materials subjected to these new environ- ,
ments. The benefits from improved critical 75 875 875 1,750 IV. Conduct tests with this equipment to
part life or avoidance of unexpected material measure erosive wear in a controlled
failures in coal gasification plants would be of environment.
considerable economic importance. In some
cases, these considerations mav even deter- V. Compare wear sanples exposed in
nmine w hether a particular 'process is viable. operating coal gasification facilities
Pilot plant experience indicates that.tests are with Task IV test samples.
needed for corrosion, fracture. and wear of
both metal and ceramic parts.

Consequently, the ERDA and the NBS have
initiated a program to develop improved test . -
procedures (especially short-term tests) for
materials that are candidates for use in coal ACTIVITY SCHEDULE
gasification plants. Emphasis in the initial ATITY FY 75 T^PiS F 77 FY78 Y 79 Y 80 FY81
program is on tests for susceptibility of ma- ___
terials to erosive wear and corrosion-aided
fracture in coal gasification environments.

STUDY CHEMICAL DEGRADATION AND
DEVELOP TESTS

DEVELOP EROSIVE WEAR TEST APPARATUS

DEVELOP STRESS CORROSION TEST - |

_ _ _ _ ._ _ _1 1I._ _ 1

MIaterials Research for Clean Utilization 0317 Coal/Materials and Components/A .aterials
of Coal Coal Gasification. Ma'terials



OBJECTIVES 'Lr S , -t-\v. .- C- .~ u c t. uc inr , OIMl
CONTRACT NO. E(49-18)-2219-1

Develop improved valve materials CONiRACTOR Bureau of Mines
having the wear, abrasion, ero- ADDRESS Metallurgy Research Centers at
sion, and shock resistance re- . Albany. Ore.: Rolla, Mo.; Thi m.ateriais d,.v,-op.nntprojet coniss.. of thr, fon,,oing

auired to operate in coal gasifica- and College Park, Md. t

tion systems PRIN. INVEST. Wood(A)/Stephenson(R)/Needham(CP) . sr,..it .vv. nl.. rns. .,l on , ',-inn; s Nc.. d WC.
sintl. red nitl, rials conltining ¢'a rlonit ridcs, and cobalt-

BEGIN/END 1 Jul 1975 thru 30 Jun 1976 ba. Stir-..-ik. atloys.
II. Inmprove :anl ,.xsoand ;i r-viollsy erslblisht-d facility for

, ________________________/ ,CONTRACT VALUE $1,250,000 (for -2219-1 and -2) sw-r t..'t.r- ,ot.r ..,i,. t..,.ri,.iy .- ,.!a..v.i... I .m.
"'pc:atrllS. Conlin-l w.a r t'tits to evaluatl drvclop.-
~mta.ntnl mnt.ri:als anti to streen ctilod litt Innt'-rials forSPONSOR FER makinFg ,,v, hrdn . ..

DIRECTORATE Materials and Power Generation S. cOmptl ci ,.i:n bi.n; co Insti,,nttion , of a lrar..tI.. i il,.
up to :4 in. i? dinr-,rer with 'l'il1 . DIvs-lop ,net-n. r - rinc

TECH. PROj. OFF. W. T. Bakker ca;,,T:ilils .. in.llaitg.taly. ,,ro . n.et.... t iL
Ti Z . Su:,Ily Ih,- p hys!cal pro;n, rt-.s of TitS, 2-oalrin
rrotirwc,'d !id-r v. arious t-o tclions. with p rt:r.,l.n, r ,n-

CATEGORY/DETAIL Materials and Components/Materials phass on.i.. t ..o.,inE s.ii.r;.t.. ,ih,.r,.,-. r!..r ..lr :tii .
crystal oritontation. and aorrosion and .rncion rrsistar.-c .

FUNDING Piro..lrec oate, valve co.non.nts t.ti. Ti!t-. ,or in: st,,

(thousands of dollars) tetsing in th, produt--r gas fa;'lity at Mi!ERC.

There is no eriiplir nmthod to fred dry coal to the high pr.:s- - V. Contin:e to - -vt-lop lablr;a or;v t-, thniqul.- for anplyinc.
.... e asifi .... tus...! for coal a o sification. but lock hopp.-r. arc Fy ERDA CO;TRACTOR TOTAL by rh,'mical v.n,,.I!.po.riion (":V,!)1,. ..-.. r :stanL
o:on uIsed. !)t:o.sl ith. high pos- ar normally r.qir .l; lo io ariY D si TiACTs | TOTAiL Coati sC of .:t.¢tlt natlri:;, I to f,.rrus .I -strfac.,s.

operate lock hopprs can hb redfied by u.oinc t\wo hopp.--s and . DetIrnv:i - ar!tnuso , n:rtn.,ith of Ib.nllzni! to tlt:rltt.

.trnting f.ron ol .o the oth.. r. sI.- ral p .-rc.nt of tl svntiheis 76 1250 400 1650 .ar rs :t..... nt. -i: n..f..i:V ar. o:-.i.t. i. y,: : cVI
ga s is stil! r-culired fo, the pressr -i.ing ,nt r-'y w.thiot any coatling. Enlarg. scae. of CVI) lalo:.ltory a.paratn:s to
ieakage froln l:.- i.o!laing valv-es .If h valv.s l.- . as is facilit:tt. c:atit :a t.r'*: hardi.art anl I .i>id tran'sfer
sti:! th:.. cas., the .-nergv rv quire.n:ents becollit rxc,.-tsiv. of ttI'ct olog;' tr, a lti ,t:ntii.! stalc. l-r-p., rrt tlncs,..-n.

titaniunt niltrit., aIl titonilum c.trbonitrilt ' s- otinys on

A si..ilr ;)rolte ,I 1 cxists with the char re-.ovoval alv s- that . . lrg- blall vliv- stats -by the' C%\'J I-lthodl.
now op.- ratt (t 90' F. Cor.irtous char withdlrawal olOid be V. Producr or h:tav trodltircl cr rit:cal v.lv., par::s of onr or
;ia!v.ln!tsag.-ol if th' hlot ch:; r and associat0 d st·anm could b: nol or of tht- most ; ..r.n sing nIatt rill an:l fa!,ria ston
t*hrot:lid tIhrro-itb a s m..ll :alvt.. This (ros 1|i not I1' d.,signd.l te<hniqnu s o.r in-p tia: tt sting in .n'c of the: ttal g..lttfi
into 'ht )e ;ERC Sv-n:ha:-. plant bt-caast- <Clrrernt valve- materials tion pilot plante.
cannwt si-:tis.antl the higih t.n: ,.raturc abr:sion. iiowtvcr.
such a s. stm .ti..-ilil bh. highly des.rable bec:us.: tlhv hot char
cot:l tbh-n be ttts:r} to rna:c s51t tln.

\V'ork bhing done at MSERC and PERC has shown that a hard
seat can bre rlad to work w-ll in a ball valve, probably be-
ra/:s.q of the hlgh pri.ssturs il:o!ved. Th.-irforc, .:xisting -
aile.e can be intorc-cl and n.ew valves can be d..sig.-d using ACTIVITY SCHEDULE
crccptionail; hlrt arnd twca r -. -si.ttntl raterials. .-Y FY 7
This rora, t the re of Mine sACTIVITY FY 76' TRt.'S FY 77 FY 78 FY 79 FY S. i FY 81T!sii rro-.:l xvitth, Elh r:au of Min-s vhich i:a-s this ap-_ i

p:-oach. is a co.nLinuazion of work started in FY 1975 with
Burat: of Mitne- .f:n!ls to provide mtawlirgicai sotppor- for
thr Syntlhne pilot plant. 

r DEVELOP IMPROVED VALVE MATERIALS

IMPROVE FACILITY FOR WEAR-TESTING AND
CONTINUE TESTING

DEVELOP TiB 2 CAPABILITY

DEVELOP CVD CAPABILITY

MAKE AND TEST HARDWARE

Development of Improved Valve laterials for Coal 0318 Coal/Materials and Cornponents/Mlaterials
Feeding and Char Removal in Coal Gasification Valve Materials
Pro c ss es



_W^^.-_ .»>_». *_ _«,'" ** ,,,, ,"-ur , , 1 - >J 9nuc1 Ii ut-I 3bln llUlMl

CONTRACT NO. E(49-18)-2219-2
* Dcte rmine corrosive effect of the principal

constilt nt of the coal gasification atmro- CONTRACTOR Bureau of Mines This matkrials dv,.lopml ,nt proj-.c consists of thk folloving

spih rc on s.electcd rcf ractorics tasks:
.sp t' on s'lscted lrefactores ADDRESS Tuscaloosa Metallurgy Research Center i. Conn.t a criticl lit.-ra.t..l s.trvev of th. r..actions bh.

o D,:-,-mitni if centrifugal casting is a feasible 
t
-· _ni.((· rrnin~· if ccn~il~ l~c~l cas~inC is a leasib ic twt'en va riou~ls gas,.ous attnoasphc-rcs and r.cratori-.,

techniquv: to coat !a ,ge. liaante r lines in Tuscaloosa, Al. r.p-r'ially tho . rContainint i;,. CO. I',O. H2S. anct
coal gasification vesst ls .'alkali 1t al vapors, anld of tl;: u .sa orf r.fractories in

PRIN. INVEST. H. Heystek/L. Sadler hith t,.pratr frurnls coninini sch atinhophrr.s.t Elininate spalling and cracking in ceramic PRIN. INEST. H. Heystek/L Sadler hht, . h t*linI It. Ass'.Imbl, chsck out and debug r. high tent pralure.
lines BEGIN/END 1 Jul 1975 thru 30 Jun 1976 high ir.r.str.. firn..re tlt,,.gthr ..ill its au ..li.ary ga

itn't. ring and 1oniltoring f .q' ilpnlct to .*- stlr. tro.tl,1--

CONTRACT VALUE $1250,000 (for .2219-1 and -2) .............. , . . .t t r.
,' 

f
, 1ll. * III. J'rIfp~S.:i r-f-tiL.it)l <- .ll~U. . r.'sat!plCS of IthI various rCefrictLoriC

SPONSOR-------------------------------ER----------for 'xpposr,- to si a... It,:d ga.ifi.r atnophr,' in th,-
SPONSOR FER t t( tL( -.

PROJECT JUSTIFICATION I b test 
d

DIRECTORATE Materials and Power Generation Iv. DO.t.rrio...', ki, roi, 'rti.s of th.e r.fratori,.s to be- .,.sedDIRECTORATE Materials and Power Generation to stablish baseline data; agi.inst which th.e corrosive
eff,-cts of lh, gasification atnlosph cr, can be mrasurcd.

TECH. PROJ. OFF. W. T. Bakker v. Conlduct pr,'linlinlary scrcning tI.sts f:r 100 to 1l0 hr at

1000 Ipi pr.s. ir- andr 1000'C using thr MPIC sint:lIatrd
CATFGORY/DETAIL Materials and Components/Materials coal .asiiraiono t .I:ll,h rt .h t. r. . ia -i,. CO. .nl co/

t-{ /sttt;:t .oisixtr,' . * .'a ursn th.. r,. salnll p-;. % , l'ris' , as
FUNDING (rstalbl:;sh..- i: 'Task IV. for tli- san;lh. .' : 'r .*.posur .

,Octtrmnin itrttcturai nco,,tip.:. :itinal t iansd's if
(thousands of dollars) sionioficn ..itnngrs in physical pro.trtie..s :Ir f...sil.

VI. COrclit,,I Inti critically resico all csl..citoe-stItldata to
R.-fraclorv linings u.ed in coal gasification . ss-1ls havc FY ERDA CONTRACTOR TOTAL cs5t.llih .rot ,l-.i.l ^il-t r. I,, .rhalisl.,s fo.r th; vario..
.nt. r ally i.-etti pattlernd aft.r tisd' rusd.l in s-crondary rt-- classs of r.'fr.t-ori.-s l.st.dl, to pr.-ilt t ua.-fill s.orvic.

for.-r.rs it,, lan!sa t.aknlg a .nnnia according to ,th .. a.m-n 76 1250 400 1650 lifr, .. d to proviti:. I.-.:
a

frO 
1

"th d. v.-lopmo. ,t of im-
nl<tln rn ref rnling p*roc.-ss. Conditions in this procr'ss ar proved rrfracto rics.
so ,. ha t sinilar to those, , n pointc r. in coal-.asi: calion VII. Dlv,:lop .et.rl f ; a i c;.lliing tI-chnology for appl:yinS rr-
v,.,<..;s Bin,-' a st,:lm ro.forl.ing plant is banic.:lly a coal fi.clory con. rtloes to I rg,. diaterll. r pip.t, used as trans-
gaslfirction !l!;;nt in rt-v. rsl.. !ionv - r. th. re a r' sicn;ficant for tinv in ct ,. co.s rsion pros.-- .
.'.i.ff-rtlnit s. n. trltint i -pror s.ncr .of co: id.'-rably tio rr{
5;'t-;11 n ti '.. o. l tc;aifi.a-iatin .'vSssls n or CO antJl '.ss r- C VIII. Con.iinec the inv.s-tigat:ion of trehniqucs for incorporat.
1I>. in nil.z ca;i'ifation proc. ss- s. oiperating prrsse trt's ing randonlv ori-nted chopper! ftIhrs and wirrn for resia-
'a ill 1.: aplpr'. i:,ly hihl.r. but tlin ip.-ratt r<'s swil: b,. lower. tanc to spalling Jnd for arreLsting cracks, including
in adl'itlon. ril' >oal gasifs ation atiloospr 

1
. will contain fibe-r and wire rtin!orce-i'nlt nor both centrifga:l!y cast

"arioutts it,;nor utiti ritit s th..t iltily 'orrtl,' rcfracl,.ri's, anil guinnilt:d niltt' r ial.
sich as alkali vapors and li 2S.

Coal gaaification pilo! llants hav brn r lintd with r -fracto ri-s
tus'd in s ,.oi.la rv r- for:1. 'rs )tciausc inustfflci.nt data .xist
on al:. rn:ti.',. refr.i etori.' roor. sutlabl. for the gasifiers. i .
This rc:;a r3l- pronra will ;Iist in L.stabllishing prgptir re-
fr:arcory pra:l tipes for Inrg,> Ctol i.'t' ia: 

.
gasifi-lrs. ti.,r.t-y ACTIVITY SCIED E

pro'd:nr.g lighliv re liable. lon.liv.d. low.r r ros; rfractrirs. __ ___

-_ ' _ ACTIVITY FY 76 TRAHS FY 77 FY 78 FY 79 FY 80 FY 81

TEST REFRACTORIES IN COAL GASIFICATION
ATMOSPHERE

INVESTIGATE CENTRIFUGAL CASTING TECHNIQUE

MINIMIZE SPALLING iN CERAMIC LINERS

Imnproved Ceramic Liners for the Coal 03-19 Coal/Materials and Components/Materials
Gasification Pr-ocess Vessels Ceramic Liners for Gasification



UdIot-lv It¥b IlVI t >-V^~ A, I -i R-'URJECT DESCRIPTION

CONTRACT NO. E( l-1)-2904
Determine the physical and chemical J111Determine the physical and -..c--...n--emical -. n.T.fPTOO II * This investigation of refractories consists of the following
stability of refractories in coal gasifier CONTRACTOR University of Missouri four tasks:

linings adjacent to the cold shell (i. e. ADDRESS Roila. Missouri 65401 I. Prepare and chiaracterize samples of various refrac-
in the 300-1000 '

F temnperature range, tories for exposure to coal gasification environments.

at 100-1000 psi pressure, and in the including: dense calcium aluminate bonded castables,

presence of coal gasification "d,' *dense phosphate bonded ram mixes, and lightweightPRIN. INVEST. D. E. Day castables. In addition to these materials, test at least
atmospheres) one commercial product as a commercial reference.

BEGIN/END I May 1976 thru 30 Apr 1978
II. Expose the samples to various coal gasification atmo-

_________ _ ___._ CCONTRACT VALUE $121,385 spheres at 300-IOOOF and 100-1000 psi pressure for
at least 100 hr. Coal gasification atmospheres with

SPONSOR FER various CO/COz and lz/zlO20 ratios should be used.
PROJECT JUSITIFICATION including the standard composition usrd in other ERDAprogramis. At high pressures and low vtenmperatures,DIRECTORATE . University Programs part of te l o A' i ll he in sthe liquid state. The .am-

The refractory lining of a gasification process vessel TECH. PROJ. OFF. W. T. Bakker eseposed to both liquid amd aseous ph s
is a vital component needed to assure the reliable oper-

to porevent excess e t -at losses t kefunction iressu ein
ly CATEGORY/DETAIL Materials and Components/Materials III. Characterize the exposed samples by iricrostructural

vessel she!l cool ard to prevent corrosion of the shell. FUN Il. and che
n l

ical analysis and measurrnent of physical
aFUNDING properties such as density, porosity, and cold and hotDegradation of the lining, to the uoin: at which the hot properties such s density, porosity, nd cold ad

gases come ;n contact with the shell, will cause a hot (thousands of dollars) crushing strength.
spot on ths shell and an automatic shutdov.r of the unit.
Since it is projected that second generation gasification FY ERDA CO'IA CTOiR TOTAL Iv. interpret and analyze all data. Describe failure
pnar.s will only hav e 2-4 gasifiers, this means that m iechanismis .,S d make rccrnmendations on the nost

plant output will be reduced by Z5-50 percent in the 76 21 121 esirable typs of refractoris for use in this
event of a shutdown. Thus, refractory lining failures application.
mus, b,, prevented at all cost.

The Division of fossil Enercy Research nmaterials
proc-alml w:l cover most potential thermo-mechanical
and hot corrosion problems expected by niost'refrac-
tory experts and coal conversion process design engi-
neers. riowever, potential refractory problems in the
lining adjacent to the metal shell of the process vessel
have n.t been adequately covered. Degradation of the
refractory lining in this area can potentially also be
dangerous. The first lining of the CO Z acceptor plant, j \ '
Rapid City, S. D. , failed completely after only a few "
days service due to a design failure. The vessel was
reiined with a more conventional lining material which ACTIVITY SCHEDULE
1has perforn.ed satisfactorily. This fnilure occurrence TI. 7
cu.nfirmed c..e rier.ce from the petrochemical industry CTIUVITY - FY 76 TRANS FY 77 FY 78 FY 79 FY 80 FY 81
that the lightweight insulating refractory must have a
high enough crushing strength to prevent the outward
movem-nt of tht hard facing material. It is conceiv-
ab!.- that ch-mical degradation prncesse:s at the cold PREPARE AND CHARACTERIZE SAMPLES
shell v ill rt.duce the strength of the insulating concrete
to a point at which it no longer stops the hard facing
mat-rial from moving outward. It is necessary to TET SAIVPl
dctvrmine if this failure possibility is r.al and, if so, T i E
to id-'ntifv matcrials which can be used to prevent this

I.p-o f failur.'o. - CHARACTERIZE EXPOSED SAMPLES

ANALYZE DATA

..... ,J I_ I .... )
Chemical and Physical Stability o'f 03-20 Coal/Materials and Conmponents/Materials
Refractories for Use in Gasificrs Refractories for Gasificrs



OBJECTIVES PROJECT D SCRIPTION .
CONTRACT NO. E(49-18)-2299 Thi . .. .rials ..i.v,..ojp,,,.n, -.. . .., .on.., .. ... .o o . pri ,.ry

task.. Iarh nf tl;,ih 'lni.tl , of . n nr-r,'ln g (S). a ,lei. n

Develop Fe-base alloys having less than a-d v ,, , p.. n I*)., d a . ......:iin IF.) pl.....
10 percent of Cr and Ni with a corrosion CONTRACTOR Lockheed Missiles and Space Co.
rate less than 20 mils/yr in coal gasifi- ADDRESS 3251 Hanover Street - I '2:0 Al, Oo

cation atmosphere and with mechanical 40 'r, ',t 9.3.4 . ,lan.n .) fnr, ,'inI,.. . ' Lt i:ila-

properties, fabricability, and weldability P.l. A.11 , oCalfr 9i,4304 ....on.. . ..i] i...r.... 101 D" ,dify

equal to 300 series austenitic stainless INVEST. R. A. Perkins0 cr ld lrn ro mnl(11t ,cn,PRIN. INVEST. R. A. Perkinsoc.. I 0-o ni n If-rA. M ln .
steels ULio"-

1
- r I,. Al, willl*J .I on *'llfl'ldinftn i~r.-.l.ttllt. im-

BEGIN/END 14 May 1976 thru 23 Jan 1978 20 Vi 0 t lon lr. ,,)

CONTRACT VALUE $298,431 I

(!o1btfu]. (1I) En..Jltln- iar or l.}or' of te na:ot pr(rniso

SPONSOR FER g ....... .ula. .. l.o.. r.... .o . .o. ,ai pr.,,,,,i,
PROJECT JUSTIFICATION ... ..........

DIRECTORATE Materials and Power Generation .i.. .o........... l

TECH. PROJ. OFF. W. T. Bakker . ! , s1
at hi:,,t I . l.al .to 3ri 00 ,. ,t.xb :¢cIn-. -ollanil:
oanv .et1 lor qJant,!l.~ of Cr ald :i. }St ! :;? oMa h:

W..k I!. . .... ... ,. .,.Oa. .r<,,,.,,. co,,,.,: (MPc) CATEGORY/DETAIL Materials and Components/Materials . ..,,:;o.,p.
i,.. i,*l,. .,rl I'hali nnly ve

1
.ry fa,. .:lr:h tl-',l,*,.r.,i:r, a.Iloys allliys. in h, Fn.'-^AI- MP sy;..-ll lIrih 0 .-o U prn.l< rn: Al

i. 0... I.o- ........... iZS. Oi1,' "I.h !FUNiDING ... l
n l

l . 0 to F
l

.. C.1 'V. M .r h.. ! r.,.... nlnn a
a4 iO -M.,;,.... ,,! .Ido Cr. .-. Ni ;,lD... l l.... . (th IIn .. . . . ... r.. l h .,d....ta.....h .I. .l.. .d ...-..1no0rn.-, .o .t1 ,i Ill-i-½ I, t y 10o(thousands of dollars) p..,,o. Sri ...... ... io ., ; ..
31o _lnl..s~L ~.', -I Ol .. ./...r h.I1C .Illt1iniml-.d. II .,.l .lll rop llnl ltrly in l,- rtn.. h.rl. t!, Ili

a., ..sn............, ,..,...c.,I , i,..rii l n.. .I .l ... n .c .l.oI.. . .FLIERDA,*> 1k.„ Ih.s.. .,]!^y> ,,,rrl,,nn.I . !n,. ,r al.ai-n cra I, i,.. at ' CRDf ( W RI n (}R TITAI ov.nrl.,p Il.na..d lnrc in T.alII. 101 fillr-1.,- .l- i.t .lrrh t 1' l400 to 0110 LI~ 11.5 ,~ ranlrlnnls. T~sas. FY ERDACONTRACTOR TOTAL
IIIIPi..,.o,,ll,-ola!ld~ohial-r,.., ' . ,.

I,.,l,). r..tlr*,- I;.lOO to 1 !H(>O' -F ,i. 11.S ~'nvi rorn.t,',nl. Thel,.aD_ _ t » « U__ " . «.,'lla ltl -(:l - :1,¢.l Si-r,',.: ill- .!n-ll l:.;ovl br aol,d

I.,,~.. I~.., 5~... : ....q.... t. I ! ll.I a.i... ......... lnillana : . I. I .,. .298 298 . ,,,, ..or . l:
t.sn,.- , >...,~ not b,' L .,.!. 1" -I,. tr,.i l r.d i'i.~l.ri;>l. in IHS- 

/
-I**

t
' C^U Litv.-s plisai,.-.'. K:vaiiiill.' th.- a'/l~. ;snn hy t.-nil ,]- ^tr.nat;l

r~,,:,,,ala.,,lf,, atlo: ,-:aaira,,,,,,nla l. I .ats at ll lI'nl".,,.r l,' and lIIOO.'. 'rnl-.-..r~l;lln:n

' h,- 3.II'C l.o.- c'nrn'- lly in.b .~lt's tl.ha l Ill' corro sio n rait tr.il . If prelimim.l rv re-illtl, ini .i ·, ll It hlit, Al $,1:.
Icr.als,. s ,l ib lr, 'ai nal %ranll-, comnlrlh. i fall fi! r-ls , all,- ai h ..l..yl h z a prio.t l-*~· o ily. nll,.t~..! alloy ~xl'~h ~llt II}!J~ro ~','(! orur l~n~i o r,'~rislanc¢'I I I · I perli,'s t.ll~ ee: b,. d'v.l'.alll . 11c. r. I ,,l Ilfr tJ'" r ll fnlr:},. l
c . Icy, , l. ds'v~'hjl ,..I it _II . A11 t,,b y .d Llloin Ia lr. a by Si onli Cr olditians nId ar.al.. -. in tIh ,*1rn. sImon/ r.

Of ·'lra.'i, l~, . lhI, i. .llnl 1i, allI. Irain : . lnl~rri'al and .(E} (:hllrelnc~.rir' 1i, 1,'hyala.tl Inl. ro rti,'s allan tit, anoae
p.lll1r'.ll aroln: r,[n%'1,.. i t,- ,o-al ,,ollvn.rnin. in llJtr?- dl.. of I la r, ,.,n lln n,.. I: im o.-ran
v, lopsl. a pjlanns.I. a i rit-l.ai d . ->.-mit»nc. on n,,,o rnrl,'d (O h ,r (e1000 i r. .p 1,'s r lS at 1.00 anrl 1H10t0 F, l.eiralk I'.eta

clzn¢.'rl , toft. 1 o .h~ rlt , . ,.lll. Il,.a h-II-, . ,nOf l ta 1o at Ir.12¢0, I i.01y. D, and I . o, a . rlnian 5011 1
n.ahn¢.,l alloy nor u,'. in ,o.01 I onvn.rs-on pr c._rI..as i ;1 t .'r llrc, 1.054,i}*' ;*n rid brll behajvinr al.,-r la.:

1
-t.rrn

Irnclh? Iar: k an.Tll tll ;!ar l .' inlitlat¢l Ta * l oon as pIo "ibihl,. 1.l(O1Q Ir r3 ino irf to Cr
1

an l ga . i,, lltli.- n .i'.tl:oI!l..nre.

;-r nr: cl~~~~~~~~lr~~~l· rl~~~~~~lr~~~ne ~~~,.d, a cu'or. ~t iab:l, ,,t- LI, K--- - i r ln

Ia1l. iost *t.d that , ialr,:ln.lIl and man.A;n.. nlIldnihnno.

dra.at,.I atl,,-n nilca.! I,.,. a1... anr*-.; v.lilal.b. aft,..r th.e o aSrC.an

IWHn.r^l-larli b th.-1.^.. Ilcy lank.-I hat -Irn-Adl or a-'I ACTIVITY SCHEDULE

| ,in th. I-,, 0I a .. a. .ll.l..... . .' ...n c i,, a..., .0.1.0. h., ACTIVITY FY 76 TRANS FY 77 FY 78 FY 79 FY 80 FY 81
0. rn,..yl l.eCr,-..a.d. It 0- babh,'t,! lil.l .01111. : olfh lb, lnil n._ _ _
d.vr no.! ,t !h>l l1n1iv1.r-ly l.

t
Ca lforn i.lto :nl rrar' the hot

st.'-r,'i nI Ion, alliuv Cr. - n t.-.Ilo ,,'r.a alo ba-I sI * tI- sifullly
a.i;'t.I 'I F-,..Mi-A! -al .ovi . . - h,'naI li . nil of t, ;I .h-y -itil

l,, boIn ,h01 o; n ,.n. nOth i.ay- sn .ln 1'.- ,' l nio$, isailhcr DESIGN AND DEVELOP IRON BASE ALLOYSor 1,0. i. oo 
r

;n '/fi.l- n0 Ihrny "s.S.Ir.l tihi lirsl !t.

C' and hltl ! in ^A. I. TIln 5, al is ;~n AalSl,'lll, cI.,,a of alloysR SS A
11^^_:_;F l lFiH,,A1L^ nslll1rb011n10 .TtIMPROVED SULFIDATION RESISTANCE

,Aon to ,I, hl..~. xtll .: ~tab)h tv .,n,! r,,~i~,,ll ,', to alt.~¢k at

-,t^ ... .V-'tt;a,-I,,l ,EQUIVALENT TO SERIES 300 SS
·,l.t,·1 :1.:oLl',- oi l f. .,, ld,.,l to . : :,-y,. :h,'I. -, '-:I.;.

an, t 0l) -ll h r;slJ.~ il.. lL } ,lt- rl., {5 .-d ,, i*~o f~iy

Sulfidation Resistant Alloy for Coal 0321 Coal/Materials and Components/Materials
Gasification Servic Sulfur Resis-ant Alloy



CONTRACT NO. ORNL Proect 714l
Develop prototype equipment,
techniques, and standards for in CONTRACTOR Oak Ridge Nationa! Laboratory

This two-phase study consists of the following tasks:
situ examination of thin coatings ADDRESS P.O. Box X phase I

for bond'quality, thickness, homo- Oak Ridge. Tenn. 37830in ot
geni .. . . integri , .note I. Ohtain coat-td sp.ci .r.ns .of suitrbl- si.. and! shap-:

gencity, integrity, and any other for NDT dl'I:rrninations. Ti,- coatin. thicksrases

condition that could lead to pre- PRIN. INVEST. R. W. McClung ar to rang. from .n0 to Z6,O nm io. for approxi-mately equal incr.ments and should inclrre i

mature or unexpected failure. BEGiN/END 1 Jan 1976 thru 31 Dec 1976 rOqc Co. TC Coan CrC. 3 4 'iCr. C ,,i) bNiAyl

plasma spraying on iN MG0 or *.'`6 s:anl.noe- steel.

%.tI~________ .. . . ... ,~~ / CONTRACT VALUE $500.000 As th:s ork con i ,. n in.tit, li adar!diional c.n-
didate coatings and bondini techniqiues.

SPONSOR FER II. Conduct fen sihi litv stru!i-s on thi: sample-. witih
PROJECT JUSTIFICATION insnp.ction ntthrl s that .irn. ;roni.ing, for ulti-

DIRECTORATE Materials and Power Generation maite Iu., i.c.. in situ ..vnlil;ti..r of co:tin in the
afor. ll.:enltoned coal c:nvr rsior: processrs. s '.mon-

TECH. PROJ. OFF. W T. Bakker stralt ther, rla tiv. ci:pblriliti-s .ind liiitationi ;', rTECH ROJ OFF W l. Baer t ffrt nthols and l ii r appllrnbiity to the
CA ft TECO /»/»Y» D «EAIL<t Materials and Coe*ia~' coating ,natlrials. Se.lect the best rr pro:chr for
CATEGGRY/DETAiL Materials and Components/Materials dc-ci,,rpnC.nt of irnspection .q.iruiptr,.rnt ani it..Lhniqr....

Thin protective coatings are frequently necessary to FUNDING This work comprises PI'l
l
as. I. 'Th,: EI

:
DA has the

protect compon-nts, such as valves, ancillary parts of option of hlegaiin
l:
g 

i
'h

1
:s Ii. I. 

l
r li e

:
rrntinuill: l

h t
e

pressure Vesbsls, and cyclones used in coal liquefaction (thousands of dollars; contract if frther vork appers unpror;ring
and gasifi-ation systems. These coatings act as a Phase II
barric- to pr.:ct the mcmb.ers from degradation brought FY ERDA CONTRWACTO R TOTAL -- r
about by erosion. corrosion. hydrogen ermbrittlemcnt, - Develop new prototype inspertios t.chliiqul s .nd
etc., acl-atn.d t.-mperaturcO and pressures. el uipnr-nt. ranging feve appl.ication ,,ng-. relna

tc. at ele.vate.d te:mperatu~res and pressurcs. 76 100 - - 100 wvih eti s 
l
ting t.cicniirjr.cs to nuri .- ni 'tqru.rtl, calibra-

To ensure that a desircd coating 'ill maintain its pro- .. . n tiorn and stand rdiz atien of prrnce!dulrs to tie decvl-
tec:ti-' prcp crti' s throughout theI life of the component, TQ 100 I opnernt of sn,:e tt ci;inq.:s an! i rquipim-ent. APp!y
it is neces.sa r to d.velt-p and apply nondestructive test the above work for in situ 2NDT nf thin coatinzs.
(NDT) tchlniqu-b for in situ ctxamination. In addition, it . Specific 'insp,-ction techniques to I- rt:slv..(I
is iliportant tu iknow wvhen the coating has reached a point include: bond quality, coatingi thikn:ss, homlo-
w'he re it it rio lnrgcr se rvicable so that it can be replaced g':n-:ity, and physical discontinuiti:s.
beforC sev.-re d;.:-,age occurs. A variety of NDT tech-
nir,r:-s are r:-'rilred to eccomiplish these examinations
be cause of th' djifferent types of coatings and substrates
used.

Existing ND:)T cquipnlent can be used in those areas where
current technology has been devciop:d. Where cxistilng
NDT equipmenirt wv!l not suffice, modifications to the equip-
n;ent and t,'chlriques will be required or nc.v equipment
Int:st be- d.e-lr p.i-d. In cither case, the emphasis will bce TlrY I A
on ronlin:al nionitoring drring operations (i.e., a readout S H D _ _ _ _ _U'LEU

Of iher.rr.tinrn corditicl.. and chalane in cn.dition as the FY77 FY78 FY79
.pcrses eortirru.ls ::o tlhat process-induced coating fail- ATI FY 7S I 0 FY 8 't Or1-, % rat^n co^ditie:^a :^ __ __ ___ggesitndu~cd~tcontj~gthrajl ACT IVCITY : FY 7f TRAA JS FYF 7776 78 FY79 | FY77 7 FY8

urec can be dtcl-ctred before a major or criticalcornpo-
nent failure. This project will result in NDT equipment
and procedures suitel to ceramic, cermet, and metallic
coatinu s bonded to components used in coal conversion OBTAIN COATED SPECIMENS
proce.sses.

CONDUCT FEASIBILITY STUDIES OF TESTING'
TECHNIQUES

DEVELOP INSPECTION EQUIPMENT AND TECHNIQUES .

APPLY TO IN SITU TESTING

Inspection Techniques for Wear-and Process-Resistant 03-22 Coal/Materials and Comnponents/!,Mater-ias
Coatings for Use. During Fabrication and Operation of In Situ Inspection Techniques
1.arge-Scalc Plant



CONTRACT NO. ORNL Project 7154

Study conditions under which iron and CONTRACTOR Oak Ridge National Laboratory
Oak Ridge National Laboratory will

nickel carbonyls are formed when CO ADDRESS P.O. Box X investigate the formation of carbonyls
is in contact with carbon and stainless Oak Ridge, Tenn. 37830 under the following conditions:
steels

PRIN. INVEST. J. DeV'an ; 'Pressure: 20 to 70 atn total
pressure

BEGIN/END 1 Jan 1976 thru 31 Dec 1976 A osphere: Pure CO (no car-
$210.000 Atmosphere: Pure CO (no car-

--- / CONTRACT VALUE 5210.000 bonyls) and synthetic

PJJST SPONSOR FER gas (30 percent CH 4,
PROJECT JUSTIFICATION E 51 percent HII, 17 per-

DIRECTORATE Materials and Power Generation cent CO, 2 percent
CO Z , < 0. 1 percent

TECH. PROJ. OFF. T. Cox (FER)/W. Michaels (PERC) H O)

CATEGORY/DETAIL Materials and Components/Materials Temperature: 100 to 500 F

FUNDING Vary contact residence time with the
Iron and nickel carbonyls are formed (thousands of dollars) steels from 24 to 168 hr. Steels which
when CO gas contacts steels under exhibit no carbonyl formation under
certain conditions. These carbonyls FY ERDA CONTRAiCTOR TOTAL the longer time conditions may be sub-
are carried as a vapor unless they 76 110 110 jected to extended contact time. Start
are decomposed at temperatures TQ 100 100 tests with a commercial carbon steel
exceeding 200 C. In the PERC and then proceed through the range of
methanation work, if iron carbonyls stainless steels and chromium steels.
are formed and carried as gas into Select a method of detertnining the
the methanators containing nickel quantity of carbonyls produced.
catalyst ope rating at 300 to 400 C,
the carbonyls decompose, deposit-
ing iron on the surface of the nickel
catalyst, causing the formation of
carbon and changing the methanation k
catalyst to a Fischer-Tropsch ACTIVITY SCHEDULE
cataiyst. ACTIVITY SCEDULE

There is no pertinent work in this T S FY 77 FY 78
area. This study is aecessary for
the development of the methanation SEARCH LITERATURE
step in coal gasification.

ASSEMBLE AND CHECKOUT EQUIPMENT ! ===

SCREEN COMMON STEELS

DEVELOP AND DEMONSTRATE ....
PREVENTION MEiHOD

I_____________J ,_I__._II__I_1.)_______________
Research on Iron and Nickel Carbonyl 03-23 Coal/Materials and Components/Materials
F or=mation and Prevention Carbonvls
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CONTRACT NO. SL Project 7165
This materials res'a rch projrct consi s: of the following seven

Modify existing high temperature CONTRACTOR Sandia Laboratoriesk
metal alloys for use in coal gasifi-n * ,il .- alil.o,
cation.atmospheres so that protec- ADDRESS Livermore, Calif. 94550 ".., cminl

_carbidi anld -ilfidh filil ,i in the imuti:nl'.lSn it-nt coal

tive sulfide and carbide layers are . ". ir. p a .i f pcooi'in,
fornmed instead of or in addition to .ni nllI ni 2 Cr :1o1 (1101, i5tN,.'HI CcPRIN. INVEST. A.J . Westly l _t-i1. )-the u alpr.ritcct-vIt oesgn alp. ach t, cosfiim eth capa.the usual protective oxide scale. tBIl En1976 thru 30 Sep 1976h t. ...

BEGIN/END I Jan 1976 thru 30 Sep 1976 'PrItiliy of vIci allying additins to prsiaih d.fl
II. -)iec, .S..ri.. or d..opt cipl l ..e.... far lhi-- .t ...

J CONTRACT VALUE $450,000 p.'rarc- (f IOO
'

F'I ccrronion t estniiV oi it-,talcW in oeal
g afli,:atinn altiluaphrc. * at pre-'-s ra a t 10 psi. The

" " ....----------------------------------- -------- - -------- -^ C r>..rr.d<l ratllil.....hall ha .......rIq tc .<]uas.atc..o r fo.r ...po.l.ceSPONSOR FER and sltigra'.- r( s. f-loa.i.cl p[,'cili..

PROJECT JUSTIFICATION :Ia-. P . i .. ci.,,.. .. i.ooy n-.li. o. alloy. .'! ...tcl .,.
DIRECTORATE Materials and Power Generation ,he lirt -pr..,. in ..'.'..* I. .. st pc.. i.....

Fromll thlr sieki-ct..t' alloy fcwlad'I . .SiltIjr.c thf I,»h>[ l t0
approllric t hi.co trccailal,.nil to o-pticin .,- their phcyosialTECH. PROJ. OFF. W. T. Bakker pc,,p,.ri,, .. nd ,,,,.r.i.liclir... an lc-a .,cIli .io
clflu riz..- c or rwitc- t ra t c-a em t o i.nhI n cc cc t.-ic r

CATEGORY/DETAIL Materials and Components/Materials t.ccr.lcsn Ili afil .ii... .. ph.rc-n at
14100 I 1D0D [t for a suff iiont i. in- to. pr,.lc..

FUNDING oicibl -corroai-n on at I.-a.t on.- n[ the ,!tn(:a ri
Stcli-c by ith. M,-tala. Iro?'nrlir C..nriil (MPCI havr indllated (thous.ands of dollars) alloy.
that. t..rv f.'e. hih tc:ip,.'r t>r . allov. rcsit corrcoi¢on by coal IV. Csnd-cct fllros olr uctlctrl inns *.;ailont of lth. standard
$a ifi.-liices ;*tccc~no.-hr .-s Centaining O. q. to 1.0 prrccnt I!tS. -.- d - -uxc l s,,.ric·,'- ally:l 'y.rlcic- and a~ft,- cxp.:.-c c to
C- hi' r - "lo i s 110 inl ani I FY ERDA CONTRACTOR TOTAL o . ...1,,:, .. . ...... .,:* .......f . f. .......,, :.
in Cr-.iO i N loy show c ii tl.- or no ornroci.,nr at 1S30' t a foii of tn.' at an.: l c.i mpos ii..ii.c d. rcnce
100 hr I.l lor.'lor y ;..-t, IthI 110 tani'l.csq ».I,:! loily afl cr and conlinui!y of prit-.cticv i.iy,-r ., ani abiii. oi pro-

brih n alJll.ninitr'. I; .... (urth,.r foirid th;>t Ihr.· alloy» *howvd /b /^ - - t.sctI . .lay...o.¥rlcr.vn l lfilr nlca rl) .~Ii >idllc-aa cf t licc-ac l~n-an aisond I 76 75 75 '
lo¢a!;y .>.v.'rc cor roinn nft'rr lone'r p..rio,! at llfprcratur.s ment of thie underlyinig nmctl. C.haratc:iz.-- tih- protoc-

va y of !i'ic on ,--n t crati,, s up I pprcc nt. It is appa rcen t T4
that co'os-nIt ac^ilabidi hioli ionljp.-r ooco alloy,. ncliiciiccc V. Sclcs thce mons proni .inc alloy, tr<,tn 'aaki., r !n n! a\'

-i. dm~~~~~~~~~~inlv ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~o for lurther Iong-lcr:n t:itiinl and svaluaun.
Cane,. ia'.,' nlr hI.- a.'qat.' de ruclura! icah.riala in !!CS rich VI. Conndlct tnts* .icilar to tho ll. rscilced in Tai' IV.

cyr ic .ai.i.itlo cnsics~ csc'il. . P rcla m sanlaclrd ASTd 1mLIs tn .:eala-t. . :hie il-. chani-

rhi -p'r.nti;al prot»,nl n can i.- attlaihk-' y i r ,d'icininp Lhe coal cal propcrti.s of Lhls n'vly <clvrdnloppe. alloys bSforr and

ganifi*.-ti,,: r·.a!,.r v..as,'ila s"r that in,.rnal :!l. lal pa.r rC notn a : xpo 'rr < coal -ftiii ao n o ph r .
r,'quir,-!.. .i-v.lopine ulocil.'oairt] rc.diLan: c'oalin.s Ior .xistting VII. Study anJ corre-la', th..:r ao!ynv nci> al cnodnla andl s xo.ri-
alloy cy a.-ri t!'v*l'plna n'w soilfidaticon rccilitani alloys. lhnse mcntal rusud t to dnfine a til, rmcn.Jyv:anlijal niloDhl Lhat
apoprarhl. , all hla.' a.!vant;:ai.'s and .lis..>l'ant.asc'. ,ill p,..ldict llih fortIalini. 0i pro:.-Cie. »sals..l of variou s

n." li .-<tc.i.·snt it s~i.i tls al in y-.. wi i. h ifor cn li.-lr procl·ctico O alloys in a c ln ranie of coal Fnasilfir:tini atno phliere *.
-ca l.- -c Ict.* 'xc.ictl i a .loysa in cr-l c. ciii.. tlon cs ..:rvicI appl ari
to h-v tli. I s- t!ire - '. ai d i.-ai.t oblv a po roach, ,'ip'cigal ly in p p -

Inc h:ih':,:nIicr alcc alliys. l'hii t:,.r.l i! ha ,,f o xide cale
f-bnaiitc io 'ic-s-co ,'-,.t c i,-ra.l.- c-scarii.:^ "- t ACTIVITY SCHEDULE

vv. r, r. ~;· r,;l' h ,? :h, fnri~atis ln of prc.ict. v - a rbid.' and

oar ,,,i,,. c . .. .!5' c.i... . . .c ......t. . .. a .i -ct.___ a iccayc .....c.r ACTIVITY _ I FY 76 TRNS FY 77 FY 78 FY 79 FY80 FY 81
in :h. hl,5 ' :.:-lcp,'rahiir, rc' i:,c -s 'xp.:cstd to c'iat in coal

-ai i l;.a'i.i ,i rc'acinr-.

Fh.- prc'r;,}l!ity lf lacc,:slfully .o-lpl.:ting this ,hrly on lii.,
I....r. ti-ic .c-. a -,c! and n.lli,le .prc.oi .Ct . i.l.a. p.-ar. PREPARE PROMISING ALLOYS
'iqu t, vcdl. "'.it' ' ially -th,.n ioccltini Id with a thl rniodynarni c

ni-ily -.1 I.n,.cn .ilvics slciii s-apatis cf !n.mioi, .. ceatni CONSTRUCT EQUIPMENT
RUN CORROSION TESTS

CONDUCT SUPPORTING TESTS

PERFORM LONG-TERM TESTS

CONDUCT SUPPORTING TESTS

CORRELATE DATA

Fornmation of Protective Carbide and Sulfide Layers on 03-24 Coal/Materials and Components/MTaterials
Allo/ys in Coal Gasification Environiments Pr'otective Sulfide Layers
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CONTRACT NO. E(49-18)-2241
-This r-carch proj,.ct onsists of lhbe following

Determine the probability of alkali CONTRACTOR University of Missouri r .. c t..ck.:
vaporization under the temperature, i. Cali-it.i th , Lh,-rodvn:lym ic stability of oxidrs,
pressure, and atmospheric condi- ADDRESS Rolla, Mo. 65401 ,atr........ , c...o,.,fs,, ... y.

pnil.-, and silticat.s of sitiulrn andl ioIta il.m

tions occurring in various gasifica- .. lic . nu:lo,,- .-itin in h Zh .an, !ou It
tion processes PRIN. INAVEST. G. Lewis I', C:dt tto -orify th

th: r.r:aody aumic c- alcalations and tr: t,,.rmincBEGIN'/END 1 Sep 1976 thru 31 Aug 19738 h .i.. . .f vor; .. . .... -, lk.ali .t)o. rat,- it cpa rica::,:: of a-td.cct alkali oton.
pooinilo cant: s toata.'ijti,: nitiiatn% norlimun .q:l-

CONTRACT VALUE $158,423 ...... .poansito i.ni. ,aa, l . . ... .ilori:s,
coal a-lins. Condu- i all -xl.r .rin,ntnls uhsin one

'P ' SPONSOR FER tyli-il tlich Ult. anlI on.. lit,;pi l ! tt r tal . i-

PROJECT JUSTIFCAT;.ION...A i .o a.-..rp, i... h- .r<- c.- of ....

DIRECTORATE Materials and Power Generation .... -ni t
" t, ,. o .. fr or ik.- ,t v...

It is .,.ll kn iwn that all ¢oat rontlain cnnid<.ltrabli: ntommntr l of conditions.
lalis, in ..;.rio..i f.or..n. Th,- frn in i, wich Lh thIkali ocur., TECH. PROJ. OFF. W. T. Bakker , .. c b.ncl .... gaificti .. p-ri-

i- , : w l :no n an- a!o v.ri . ron.id.ral y fur coal of 0 , t .. i ' to d -
diffr,'.nt nriiin. Alkali cor roou'n and ,! rn.dation of both .ts t 00 F.
rrra..r....ri .. an .-tli is als .-. nI! k nown. Alkali attack is CATEGORY/DETAIL Mrlaterials end Components/Materials n

,, l
11

u, r:
...t. of 1 -.ori.tio.nof. lk..i ,.i.tr

th. Iln n rt c.,ult,t n cau.n- Ifr r-'fralto ry w.-ar an. faii!urr in the r (ly.: l i .r ...m.clito:l- . iu:I,g sp.-(if.-d c,als iilth a
bh!,t ftr-ac, .-, .-.. cit!l.. in ..,o, ... rctl t .or Sar.. a rca .m....lr t.<.l.. FUNDINGl......t .... « -r.inr

hv^rt. tb, - i,-nip. r.autr- ru:u'.a> frr-, 17t)0 tu ZOO arF. Thcrmo- :onflor-
n...is da.:< iti n.t, ti-. KO :,, Na f.,0 can, b.- r..-!l,,cd by (thousands of dollars) 

L
.t:ant

l
n

x
:,
l l

r*s 
I

,, ads olor- hph t:
!

a
i

.nd ow
carbor. or CO at t.-cp,-ranm rTes ablov ltOO'i"-. Tih;r rediuctio. ga.ifi-ation atn,.-;Dh,. r<.s.
tonp,':... r. i.. i i,.-.h hill- r for alkali siticFas. FY ERDA CONTRACTOR TOTAL IV. Co rr-u. .,- A,.-ti i.l. .anl t!...r

l
,'tt.

! y
t .

l
...

Sin,. alIi irn.-t.als vapcriar at 100 to i '*F. , reduc:ion of -- data an:d Il.dl-l t
ll
. d-t:--..- *I' falt . v.,for-a-.

thn. oxid.-i r.-sults in vaporization. ,lhis vaor will he sa--pt tion .or con;l Conllt-irt lnn v 'aouin: a-ll-ml,s .tnd
int, tir cnm... -_ r..-ioa of thr blast fur ..rn. or pn,,-tra.. th, 76 100 26 126 forn .. .of al

a
lki.a. wi)cn gatsied t L ifflr-.,tt

iininL unit rnnoxiti:,-. Tln- oxid,-s form--d will neact with CO t. tp ra tr .,tnd pr.-,s-trr
to tortl - c oar nat-: t , or with tl .li.atis from the r:fractory
hinnpo tc form .lkali silicat,. 'I'h,: formtatiun of alkali
silicat..s caus,'s a largeI v.o!umn: Irxpaition .hicih may ].-ad to
th-r 'i:t.rtictin ol th, re-fractory an-i also lowers the
a T.tcnin!c poinl: of the rlra.ctory slQiific-antly. Exp'ricnco
with It- rg, col! fii rd boil'rs for electr-ic powe-r g-nct ration
also in'licatu:. th.: vol.atili7aio: onf alkali-.s can oc<c.r iundier
ce-rt:ain ctrciitta ncns. in coal fircd biln.rs, alkali-iron
aulfats dit-posit -n, sup' rh,'at-'r ttp- sn alnd cause both corro-
sion and fouling., i.. th. buildhio of .sh d,-pi.sits on th: tubes,.
which rd-,ta'3 sh n' , ffici:ncy of hrat tra-,sftrr.

itn sumtrmary. in tht l-o m;ajor itlustrial applications of coal,
alk.li vIaporiuation is not o..iy prov,n but is also known to
shortn thI ns'uer - lifr <of th,- const ruction matrials used and
to damacr-.ahf Fricnso ,-ffic<:ncv. It is. .thrc-f c, lik,:ly that
alka,i ohlt,,li,,,tion :olio...cl by ...nr.ion ...ill b.- a factor i,. ACTIVITY SCHEDULE
coal fa. itcatitc.n vessrls., specia ly thos' d*:signed for high

l".rat....u. ... _ACTIVITY FY 76 TRANS FY 77 FY 78 FY 79 FY 80 FY 81
This p.-ojcct mill study the alkali balancr in bothr hiih- and
lo-t-Bn grasifirs in thu: 1500 to 30 0 0 'irF rang- on laboratory
ocal,:. This should pcrtrlit the detlrmin.tion of the probability

of alkli corro.ion in various coal gasification procsS.,s. CALCULATE THERMODYNAMIC STABILITY

VERiFY THERMODYNAMIC CALCULATIONS

DETERMINE ALKALI VAPORIZATION

CORRELATE EXPERIMENTAL AND THERMODYNAMIC
DATA

Determination of the Probability of Alkali 03-25 Coal/Materials and Components/M aterials
D' gradation and Corrosioin of Refractories and Mietals Alkali Corrosion
in Var;_ous Coal Gasif ication P-rocesses



CONTRAiCT iO. E(49-18)-2407 This refractory development program consists of four

Scale-up the process, in which tasks to:
SIALON is produced, using CONTRACTOR University f Utah . Investigate and define he esential process paran.

relatively inexpensive materials ADDRESS Salt Lake City, Utah 84112 eSIALn giraitn frosc-lay ant prcal. Area,, s u o in-
such as clay and coal vestigated include: purity of rav plate rials. miner-

_such as clay and coal alogical c position of a' ioi ateriala fineness of
,t~ 1D f. ' 'raw materials. compaction of the ra, naterials

PRIN. INVEST. I. B. Carter mi xtiurc, an. , snintcrini of the green bi.dy.

BEGIN/END 1 Jun 1976 thru 31 May 1978 Ut. Produce a f;ificint quantity of dense SIALON grain
to prepare at least twenty-four 9 by 4. 5 by 3 in.

CONTRACT VALUE $119,777 bricks.
SF1. Prepare the 24 recfractry bricks from the SlALON

. .SPOtISOR FER grain producted in Taxsk ii usingi stantlard refrac:ory

PROJECT JUSTIFICATION br
i c

k ... i pr.... :rclu s. Dectrrnine th. uptin..mn
DIRECTORATE University Programs grain sizing. t,'r;,tr-e. prssin . firing: and oth-r

process cohditions. Optimize brick pruoperties to
1 The refractory lining of a slagfing gasifier is probably the TE PRO OFFi WT. Bakker provid: the best com;.bination 1f dletsity. prousity.

most critical c,:mponent of a high litu gasification plant EH. PO. O . . T. akker strength, and thernal shuck resistance.
since it is e.pou d to the combined action of erosion and
c.rrosiuo by liqu., slags at tenipraturcs utp to 3100'F. CATEGORY/DETAIL Materials and Components/Materiais IV. . · Charactcri-.e t.he SLAi.ON brick prod.uce.d, mcasuring
Most cn.-ntiunal .x de refractories are not stable in the the following properties: density, p.rosity. hot M1OR
pre-str.c uf c. .a! si- . but react to formn low melting FUNDING t0 to 2?00' 

F ) .
thermal conductivity (0 to 2300' F).

liqt!id nd gr ily s,,.r rway (thousandeis of dolars) -thermial and perman. -nt linear changes (0 to 3100'F).
( thus~ands of do-.ers) and oxidation and abraion resistanec.

E\orri.-nce wti:h blast furnace hosh refractories, where
eroi ,n and corr.sion by liquid slagi i also the main FY ERDA CONTRAC-OR TOTAL

rter r.aechanisnl has shown that the refractory lining
.. a.rs away re!.ti.'ely quickly, regardless of th.. refractory 76 60 - - 60
:ypc used, until its het face temperature is below the
rr:inim. l -r tLemperature at which the refractory will react

:tlh the slac. At this point, further xear will cease, and
thS ennaininrg r.fr.ctory lining ill be serviceable for
j nany years. pruvided it is noL too thin and no major
m.chaniral upse:; ur coolling failures occur. This con-
c-pt of Fthe v ar ercchanisnrl of refractory linings in blast
furrn.ress his -! ed tthe lce of carl.on-graprhit. lining
rnlatcrials -ith d hiph ther:mal conductivity. It is believed
th.t . s nii;lar refractory lining design concept is also valid
for sl.lein . gasificrs although the large quantities of steam
in the ;asifier atmosphere woreld oxidize carbon-graphite
refractori. ,. ' _

Technically, a SIALON-bascd refractory wuuld be ideal
fsr this applicati-,n. SIAl.ON is a solid solution of silicon ACTIVITY SCHEDULE
nitride and au,:inu:m oxide. has a -.oderately high t.hermal ACTIVITY SCHEDULE
cond.uc.ivit. und an excellent s!ag resistance. UniL re- ACTIUTY FY 76 iT FY77 fY 78 FV 79 FY 8c- FY 81
c^nt'.v SIAL^ ^ ^ '. .! lt_ __co_ __rial ~aluc since it ACTIVITY__ FY 75 TI ANS FY 77 FY 78 FY 79 FY 80 FY 81cer:ty SIAiLON :.as of litt:!e conlmllerc!al alue since it .
could only be :ia;de by hot pressing. Recently. Dr. Cutler
has prod:ced SIALON frol cluy and coal or char, using
concent ior.n a ceralmi: manulacturing techniques, offering
the p.ssi..il.ty of an incxpensi.. class of refractories EFINE PROCESS PARAMETERS
ideally suited for use inr slagtting gasifi-rs and n:any other
applicatihns v.here corresiuo by acid luags is the main

...r .. ch. LAni .....
I e~.ear .~ncchanism~. ~PREPARE DENSE SIALON GRAIN

It appears sxorth hile to demonstrate the technical and
ccren.rsercial feasibility of the University of Utah process

te a poin: that co
:

mm
:n

ercial refractory prod'crs can take PREPARE SIALON BR!CKS
over the project.

CHARACTERIZE SiALON BRICKS

_____,. I I ................ , ./
SIALON Refractories From Clay and 03-25 Coal/Materials and Components/Materiais
Coal SIALON
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CONt IRACT! NO. E(49-18)-24J5
* Perform an experimcntal and theoreti-

cal study of the erosion uf potential CONTRACTOR University of Cincinnati
turbine mnaterials by coal and ash parti- This study of the e rosion if turbinarhin, ry consists of
cles to detcrmnine which factors are ADDRESS Cincinnati, Ohio 45221 four experilmental and theretical tasks to,:
significant in such erosion 1 * I. Asssemble and evaluate the previous r esearch per-

e Develop a computcr model to facilitate .formetd in the subject area.

the prediction of potential erosion in PRIN. INVEST. N. Tabakoff II. Use tec Univcrsity I, Cincinnati \xind tunne! ,: con-
ftulre turbomachinery design ,.duct alln l pe'-inenta

1
l or,4ra!nt tol dte :r:,l;ne tihe

BEGIi/ENIO '! Jul 1976 thru 30 Jun 1979 fat that are signififcat in infltlcing e rosiot ... by
c,*a) and ash under con.ditions t.at r<. represnta-

\______.______ , ~~~~~CONTRACT VALUE -$164,000 tive uo turlm.ii lcinerv. Dt,.-,rni.. vrosinn cht rac-
teri stis c,n sul!stratrlt chosv n in ctnsault..tilin ' th

SPONSOR FER EIrDA. ihcllinl. built Il liiitd to. stainie,.ss steels.

PROJECT JUSTIFICATION titaniu:ii, llnbilnl tcolpisit.s,. and '(thcr higlh l';:>pra-

DIRECTORATE University Programs ture mat; rimis. n/esarthie e,,lityn partilab
ang'l ,r inipingeonent. partic'e v'IIcwlty,h particle

sutrface prope..rties, surface shape. particleTECH. PROJ. OFF. M. J. Bial!as hard.ne.s rs, an particle concetratiL p. l

CATEGORY/DETAIL Materials and Components/Materials at. 
s ;

. a!at
L
obtai id in Trask Ii1 *as gDoeI for th. f.ibri-

catio:l ,of a series ,£f turbine m oi(!, v1ane1 for '.i-.'h

FUNDiNG erosion cha;.racteristics shall i, d, ter:,ined. Inv.esti-
~(thousands of dol~lars) . gate the rl,,,-ing .ari.ables: lai.dt, pitch. .. l..bpr.(thousands of dollars) and twi st; s.,iihty ti': ad inl

!
t gidl. 'n'. In

addition. i.ust K'. a. luid-!rochnic.¢ai approach for
FY 'EP.DA i CO,5TRACTOR | TOTAL anleiti:, .;i it,, - . c h fo r

The conceptualization and development of high per-
forn'ia:c- turbo:nachincry using pulverized coal would IV. With the TI.,s. I; and Ill data deveup three models of

com:ibine the :nrchanical simplicity of turbines with particle migration and behalvir in a turbine as th-y

*.he use of an abiundanat fossil energy source. How.- contribute to iro.sion:. 'Thes :tIdh-is a re: an e rusion
ever, ..uch turbine deveulr: pncnt has been forestalled rate n tdel, an ' rosion particle rlbuond mlodil-, and

by tha o:bvious problenis associaeid with the operation a quasi-anyi- p.rticl dynamie .,. Oevelop
ef equ:ipntrnt; in a high velocity particulate streanl. a coinpultr prograll using these illt!ues t)hat will

:-
1 ~~~~~~~~ -*~~~~~~~~ ~alluw the predictiin uf the .-rusion in aite:rn.ative urbo-

The research to be performed in this study is experi- nmachincry dlesig ns.
ne:ntal and theoretical and is desi:-ned to identify and
order !he pararni -ters that afrcet the basic phensoumna PROPOSAL NO. U60430SA
of erosion. The problems associated v.ith the pre- RO . . U63
diction of erosion in rotatins ti:achinerv x\ill be ad-
dressed by deriving and testing a theory of particle
trajectory in a flow- field with/after multtiple i tnpacts ....
S-iccessful devclnpnient of such a tlodel couldl allow
the developonent of turbines designed to toininiize ACTIVITY SCHEDULE
e C'oion by fluid icc.hanical consid irations. .6.[.Y.Y.i

| ._ ACT.IVITY J FY 78 RAiS j FY 77 j FY 78 FY 79 FY GO FY 81

SURVEY STATE OF THE ART

DETERMINE FACTORS SIGNIFICANT IN
INFLUENCiNG EROSION

INVESTIGATE EROSION OF TURBINE BLADES

DEVELOP PREDICTIVE MODELS AND COMPUTER
PROGRAM I

E rosion of Turbomachinery by Coal and Coal/Mat' rials and Coinponcnts/N; atcria
Ash ?Par icls 03 Erosion of Turbomachincery,4 .. ~ -sr ti c~



CONTRACT NO. E(49.18)-1804 IMod)

Collect, evaluate, and dissemi- CONTRACTOR Battelle Memorial Institute
nate information pertinent to the ADDRESS 505 King Avenue
use of materials and components Columbus. Ohio 43201 This project to disseminate materials and components

information related to fossil energy systems consistsin fossil energy systems PRIN. INVEST. J. R. Schorr of five tasks to:

BEGIN/EDD 21 Mar 1975 thru 20 Mar 1979 I. Deliver a draft copy for review and approval by
ERDA not later than 7 weeks after contract start.

~V ~ _. ,____________/ v CONTRACT VALUE $355,200 The scope and format will be determined jointly
with ERDA, but is expected to follow the patternrPROJECT JUSTIFICATION SPONSOR FER already established.

PROJECT JUSTIFICATION
DIRECTORATE Materials and Power Generation II. Deliver a camera-ready copy to the Science

Rapid development of fossil energy systems has Service Branch of the Office of Public Affairs

placed demands on rnaterials of construction, TECH. PROJ. OFF. H. E. Frankel of ERDA or person(s) designated by this office

resulting in many research and development within 14 days after Elt
R

i
A

's approval.

needs. Th- technology is new and complcx, and CATEGORY/DETAIL Materials and Components/Materia!s III. Collect, screen, and store the information perti-
this has created nunmcrous problems with the use FUNDiNG nent to the preparation of the newsletter.
of rr:aterials and co:mponents in these systems.

Iof aterias and co:ponents in e s . (thousands of dollars) IV. Maintain and update a computer-based imailing

It is important that good communications exist , list. Supply this list to ERDA along with the

among those segmnents of the coal conversion and F ERDA CONTRACTOR TOTAL camera-ready copy.

pIaterials communities involved in the large-scale
dateralos comnunitics inolved in the large-scale is 54 _ _ 54 V. Repeat Tasks 1 and II at 2-month intervals,
deveiopment of fossil enrgy systems This isissues of the
especially true of present and planned technical 76i 91 result ing in th e p epa ration o 1 issues of theenewalec'tot Iuring the 3-year contract period.
activities to evaluate the performance, analyze ' " d

failures, and develop improved materials and corm-
poncnts for these systems. VWrhile results of cur-
rent tcchnical activities can be found in scientific
and technical reports, rapid dissemination of the
most pertinent information can be accomplished
r-.ost effectivelythrough a periodic newsletter.
Sjch exchanges of information or experiences can
reduce or eliminate duplicate efforts and result in
a savings of both developmental timne and money..

In i975, ERDA contracted with Battelle to prepare ( ACTIVITY SCHEDULE
a quarterly "Newsletteer on Materials and Cornpo- CTTY FY 7 TY 77 F 7 F Y 80 FY
nents in Fossil-Energy Applications." To date, ACTIVITY FY 76 TRAS FY 78 FY 79 FY 80 FY 81

four ne:.sletters have been prepared and distrib-
uted to government, industry, and academic per-
sonnel involved in fossil-energy development.

The nev.sletters issued so far have been very well
received by both the materials and the coal con- PUBLISH NEWSLETTERS A A A AAAAAAAAAA AA a
version communities. The mailing list includes
about I100 recipients in industry, universities,
and various gov:ernment agencies concerned with
:en rgy or initecrials. Continuation of the news-
! :tt:r appears justified since it is the nain vehi-
,:l:- f'or disseminating materials information perti-
n,:n% tro, .a conversion and utilization technology.

Preara'i;on of a Newvsietter on Materials and 03-28 Coal/Materials and Components/MNaterials
Co-nponc-nts in Fossil Energy Applications Newsletter
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CONTRACT NO. E(49-18)-2209

Discuss current ceramic CONTRACTOR Battelle Memorial Institute This project to inform the ceramics corn-
material problems in energy ADDRESS 505 King Avenue munity regarding coal conversion material
conversion systems and C A problems consists of three tasks to:
recommend future research Coiumbus, Ohio 43201

in this area PRIN. INVEST. J. R. Schorr ' I. Organize a Workshop in which

BEGIN/END 8 Oct 1975 thru 27 Apr 1976 ceramic scientists and engineers
from industry and academia are

...._____ _ , ________ CONTRACT YALUE $7645 brought together with the developers

SPON^SOR FER of new energy conversion systems to
PROJECT JUSTIFICATION discuss requirements for ceramic

DIRECTORATE Materials and Power Generation materials in those systems.

The coal gasification environments TECH. PROJ. OFF. W. T. Bakker II. Prepare a Workshop report consist-
and the size of the process equipment CATEGORY/DETAIL MIaterials and Components/Materials ing of the proceedings of each ses-
expected are sufficiently different sion, including conclusions and

FUNDiNG research recommendations.
from existing processes and process (thousands of dollars)
equipment to justify research and de- , III. Distribute 600 copies of the Workshop
velopment on ceramic materials for FY ERDA COKTRCOR TOTALDcvelopmcnt on ceramic materials for T OERD COiTrhCTOR TOTAL report to the participants and to

coal conversion processes. These 75 8 - - 8 ERDA/FE for distribution to inter-
materials will be needed both for ested parties.
thermal insulation and to protect
structural metal parts from erosion
and corrosion.

Successful implementation of a
ceramics R& D program will require
inpucs from qualified ceramists from
industry and academia on materials
problems and requirements in coal ACTIVITY SCHEDULE
conversion processes. This Work-
Iconersion processes. This Work- ACTIVITY FY 76 TRANS FY 17 FY 78 FY 79 FY a0 FY Sislhop will provide the inputs and will _ _

also serve to familiarize the ceramic
materials community with the energy
conversion field, thus enlarging the
field of knowledgeable contractors ORGANIZE WORKSHOP
ERDA can draw on when future needs PREPARE REPORT OF PROCEEDINGS
arise.

DISTRIBUTE REPORT

I__I I X I I I I )_________________________ _____ _______________J

Workshop on Ceramnics for Energy Applications 03-29 Coal/Materials and Components/i.lat;.ri:'-
C e ramic s Workshop



CONTRACT NO. E(49-18)-2266
Elecric PowTRelFCl','r P"r Research Institute This literature review project consists of the

Critically survey and evaluate existing literature CONTRACTOR Eiectric Poer Reseach Institute following tasks:
and information from industry sources on high
temrerature oxidation and corrosion of metals ADDRESS P.O. Box 10412 1. Search the government literature using
and alloys in electrical generating systems and Palo Alto, Calif. 94304 the MCIC files and computer access
publish the results in handbook form facilities at Bat'tellc. British and

PRIN. INVEST. R. I Jaffee European government literature will be
cove red from Liverpool.

BEGil/END 8 Apr 1976 thru 7 Jul 1977 II. Search the technical and scientific

k COmNNfiT VALUE $!8000i literature, both at Battelle and Liver-
-CQ-NT'RACT· VALUE $15,0 pool. Search the Russian and Eastern

SPONSOR FER European literature at Battelle. Read

PROJECT JUSTIFICATION papers and investigate references.
DIPECTORATE Materials and Power Generation III. Request information from applicable

High temrncrature metal corrosion will be a intdustrial organiizations or access to
significant factor affecting the reliability and TECh. PRO). OFF. W. T. Bakker their internal reports. Where ncces-

cost of mlost of the coal conversion and direct sary, follow up this initial r
v
q;lutst by

utilization projects presently considered by CATEGORY/DETAIL Materials and Components/Materials a visit to particular org-anizations to

ERDA. To guide the Division of Fossil Energy FUNDING elicit information.
Research materials research efforts; it is nec- (thousands of dollars) IV. Organize the available data in the form
cssary to be thoroughly familiar with high ter- of a summrary subdivided according to
perature corrosion problems in related induls- FY ERDA CONTRACTOR TOTAL the specific alloy, withl cross-reference
tries, such as electric power generation, to cther relevant data. Send this to a
especially that segment using coal-fired boiler 76 18 ' _ 18 number of experts for their co.mments.
systems. A critical review of the literature in
this area is needed. Since ERPI also feels the V. Prepare the Handbook.

need for such a survey and review, it will
share half the contract cost and provide the

technical manpower to supervise the project.

. r ~'~~ ~ACTIVITY SCHEDULE
ACTIVITY FY 76 TRANS FY 77 FY 78 FY 79 FY 80 FY 81

SEARCH GOVERNMENT LITERATURE

SEARCH TECHNICAL LITERATURE

OBTAIN INDUSTRIAL INFORMATION

ORGANIZE DATA

PREPARE HANDBOOK

Preparation of a Data Book on High Temnperature 03-0 Coal/Materials and Comnponents/,.'at.c rals

Oxidation and Corrosion of Metals and Alloys in i;igh Termperaturec Corrosion
Eltctrical Generation Systemc sOy;C S .cni'



Project Title: Alternate Materials of Construction for Geothermal
Applications

Contract No: E(30-1)-0016

Contractor: Brookhaven National Laboratory
Upton, New York

Principal M. Steinberg
Investigators: (516) 345-2123, Ext.. 3036

FTS 664-3036

L. E. Kukacka
(516) 345-2123, Ext. 3065
FTS 664-3065

Program Manager: Robert R. Reeber
(202) 376-4910
FTS 376-4910

Project Objective: To test several energy-related applications of
concrete polymer materials as potential solution
of. corrosion problems.

Funding: FY 75 - $ 99K
FY 76 - $150K

Contract Term: 7/1/74-6/30/76

Reports Issued: M1. Steinberg, "Concrete-Polymer Composite Materials
Development." Proc. of Third Inter-Amer. Conf. on
Materials Tech., Rio de Janeiro, Aug. 1972, H. H.
Frye and C. J. McHargue, Editors, pp. 555-9.

1R-1--27 Revised June 30, 1976



Project Title: Alternate Materials of Construction for Geothermal
Applications

Contract No: E(30-1)-0016

'SUMMARY

The concrete-polymer composite materials developed at BNL and funded by
the Office of Saline Water also appear to offer an economical approach
to the problem of handling hot geothermal brines.

Laboratory formulation studies, long term durability tests, and limited
field-.tests have been made over several years for materials to withstand
brine at temperatures up to 175 degrees C (350 degrees F).

The program tasks are listed below:

Task 1 -- Selection of Lining Materials: A survey will be

performed to develop polymer-aggregate systems that can with-
stand temperatures up to 300 degrees C. Initial work will be
with highly crosslinked styrene and acrylate systems.

Task 2 -- Process Technology for PC Linings: Based upon the
results obtained in Task 1, PC formulations will be developed

and techniques for placing protective linings on steel pipe
and plate tested.

Task 3 -- Physical and Chemical Property Testing: The
suitability of materials and linings formulated in Tasks 1
and 2 will be evaluated for physical and chemical stability
under geothermal use conditions.

Tests of materials formulated in Task 1 are underway at four geothermal
sites. Preliminary results are very good with samples retaining high

strength after 6 months exposure to geothermal brines and steam at
temperatures up to 238 degrees C (460 degrees F). Under Task 2 many
types of pipe lining have been fabricated and are under test. Work on
Task 3 is progressing in the laboratory.

1R-1-28 Revised June 30, 1976



Project Title: Cementing of Geothermal Wells

Contract No: E(30-1)-0016

Contractor: Brookhaven National Laboratory
Upton, New York

Principal M. Steinberg
Investigators: (516) 345-2123, Ext. 3C36

FTS 664-3036

L. E. Kukacka
(516) 345-2123, Ext. 3065
FTS 664-3065

Program Manager: Robert R. Reeber
(202) 376-491L
FTS 376-491,

Project Objective: Evaluate potential of various polymer cements for
geothermal wells and coordinate a well cementing
research program definition study.

Funding: FY 75 - $
FY 76 - $ 20K

Contract Term: 2/1/76-6/30/76

Reports Issued: None

1R-1-29 June 30, 1976



Project Title: Cementing of Geothermal Wells

Contract No: E(30-1)-0016

SUMMLRY

This project is being conducted to evaluate current status of geothermal
well cementing capability and to coordinate a test program to develop
adequate geothermal well cementing capability for insuring a maximum
predicted well life.

A variety of polymer cement compositions developed at Brookhaven will
be tested. Preliminary shallow well cementing indicate this type of
material can be placed and cured under water.

IR-1-30 June 30, 1976



Project Title: Corrosivity of Geothermal Brines

Contract No: W-7405-ENG-26

Contractor: Oak Ridge National Laboratory
Oak Ridge, Tennessee

Principal John Griess
Investigator: (615) 483-8611, Ext. 1546

FTS 850-1546

Program Manager: Robert R. Reeber
(202) 376-491&
FTS 376-491.

Project Objective: To develop the means to estimate the corrosivity
of brines from a knowledge of their composition
and temperature.

Funding: FY 75 - $ 54K
FY 76 - $175K

Contract Term: 7/1/74-6/30/76

Reports Issued: None

1R-1-33 Revised June 30, 1976
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Project Title: Corrosivity of Geothermal Brines

Contract No: W-7405-ENG-26

SUbMARY

The project will seek to gain an understanding of how the individual
constituents affect corrosion and determine synergistic effects, if
any. To accomplish this, a data base will be established, by electro-
chemical methods, on the influence of major and minor constituents of
geothermal brines on the corrosion of candidate metallic materials of
construction. The influence of scale growth on corrosion processes
will be investigated. A quantitative evaluation will be made of the
effect of solution flow on corrosion kinetics of promising metals at
high temperatures and pressures. Field testing of the most promising
materials will be carried out.

Laboratory equipment is being assembled. for continuous operation and
automated data recording. Preliminary runs using batch operation show
good capability of controlling chemical and physical parameters in the
test loop.

1R-1-34 . April 2, 1976



Project Title: Investigate Geothermal Corrosion--Study of Factors
Limiting Use of Iron Base Alloys vs Alternate
Materials in Mildly Acidic Geothermal Waters and
Steam

Contract No: E(45-1)-1830

Contractor: Battelle Pacific Northwest Laboratory
Richland, Washington

Principal D. W. Shannon
Investigator: (509) 942-3139

FTS 444-3139

Program Manager: Robert R. Reeber
(202) 376-4910
FTS 376-4910

Project Objective: To clarify corrosion factors which influence
materials selection for geothermal power plants.

Funding: FY 75 - $ 60K
FY 76 - $228K

Contract Term: 7/1./74-6/30/76

Reports Issued: D. W. Shannon, "Economic Impact of Corrosion and
Scaling Problems in Geothermal Energy Systems,"
Battelle Pacific Northwest Laboratory report
BNWL-1866 (January 1975)

lR-1-35 Revised June 30, 1976



Project Title: Investigate Geothermal Corrosion--Study of Factors
Limiting Use of Iron Base Alloys vs Alternate
Materials in Mildly Acidic Geothermal Waters and
Steam

Contract No: E(45--l)-1830

SUMMARY

The major effort in FY 1976 will be directed to a systematic study of

factors affecting carbon steels in mildly acidic solutions up to 250°C

(480°F), completion of the first corrosion fatigue test, fabrication of
the field corrosion test unit and preparing a suitable field site.

Initial efforts, which will establish corrosion limits to the use of
iron base alloys in geothermal water, will utilize laboratory scale
stirred autoclaves (1 to 6 liter) to investigate the high temperature,
high pressure corrosion behavior of iron base alloys in weakly acidic
fluids and compare performance with alternate materials such as alumi-
num, titanium, and nickel 16 Cr - 16 Mo alloys.

To investigate corrosion fatigue in geothermal steam, a stirred
autoclave will be set up to produce cyclic stress in specimens of 12%
Cr steel which is in general use as a thermal turbine blade material.
By varying the partial pressures of H2, H2 S, and H20 and traces of 02

the chemical activity of the steam will be varied. Time to failure
will be monitored by electrical connections to the specimens.

Finally, a field corrosion test will measure corrosion in geothermal
water typical of waters proposed for binary cycle plants. Ideally a
mildly acidic water with a pH around 5.5 to 6 would be chosen. After
base line data are obtained on corrosion in the normal well water,
changes in pH, temperature, and velocity will be made in the water
flowing through the test stand. The change in corrosion performance
will be compared with initial data to establish the validity of the
conclusions obtained with the laboratory scale autoclaves.

Work began in April 1975. Detailed planning began and supplies for
the R&D program were ordered. Existing ERDA autoclave equipment at
PNL was relocated and several scouting tests of carbon steel in car-
bonic acid/bicarbonate solutions were run at temperatures up to 250 C.
Work began on setting up and calibrating analytical chemistry proce-
dures. Planning began on the experimental design for the corrosion
fatigue test. Survey work began to locate a suitable site for the
field test.

Work on this project has been delayed due to a labor dispute.

2) * 1R-1-36 Revised June 30, 1976



Project Title: Develop Standard Methods and Manual for Sampling
and Analysis for Geothennal Fluids and Gases

Contract No: E(45-l;)-1830

Contractor: Battelle Pacific Northwest Laboratory
Richland, Washington

Principal D. W. Shannon
Investigator: (509) 942-3139

FTS 444-3139

Program Manager:' Robert R. Reeber
(202) 376-4910
FTS 376-4910

Project Objective: Develop standard methods and publish a manual for
sampling and analysis of geothermal fluids and
gases in order to assure accuracy, reliability,
and intercomparability of reported results.

Funding: FY 75 - -
FY 76 - $ 50K

Contract Term: 7/1/75-6/30/76

Reports Issued: None

1R-1-37 Revised June 30, 1976
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Project Title: Develop Standard Methods and Mtanual for Sampling
and Analysis for Geothermal Fluids and Gases

Contract No: E(45-1)-1830

SUMMARY

Development of standard methods and publication of a manual for sampling
and analysis of geothermal fluids will assist the developing geothermal
industry to meet its analytical needs by reducing the analytical methods
research required by each organization.

Work in FY 1976 will consist of assembling the state-of-the-art
laboratory and field methods and planning a systematic test and evalua-
tion program. The existing methods for sampling and analysis now used
by various investigators will be assembled and critiqued by an analyti-
cal standards group of three user institutions. In order to accelerate
standardization as soon as possible this "collection" of methods will

be published for comment and interim use on a voluntary basis. The
selection of material for this first report will reflect the standard
group's best judgment on candidate methods.

Work on this project was begun in February 1976 and is still in the
formative stages.

IR-1-38 April 2, 1976
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Project Title: The Development and Evaluation of Elastomeric
Materials for Geothennal Applications

Contract No: E(49-27)-1011

Contractor: NASA
Pasadena, California

Work Performed by: Jet Propulsion Laboratory
California Institute of Technology
Pasadena, California

Principal " William A. Mueller
Investigator: (213) 354-3073

FTS 792-3073

Program Manager: Robert R. Reeber
(202) 376-4910
FTS 376-4910

Project Objective: Modify elastomeric compounds to extend their
capabilities to include service in geothermal
environments.

Funding: FY 75 -
FY 76 - $104K

Contract Term: 6/21/76-6/30/77

Reports Issued: None

1R-i-39 June 30, 1976
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Project Title: The Development and Evaluation of Elastomeric
Materials for Geothermal Applications

Contract No: E(49-27)-1011

SUMMIARY

In this project, techniques will be developed to modify elastomeric
compounds to extend their capabilities to include service in goethermal
environments. Specifically, one material will be developed for O-ring
seals for 24-hour service at 260 degrees C in a geothermal environment.
One goal will be the development in 1977 of at least one elastomer for
use as an O-ring seal at 300 degrees C under high pressure in a geo-
thermal environment.

A state-of-the-art survey of elastomeric materials for O-rings, seals,
packing, etc., suitable for high temperature (260 degrees C) operation
in geothermal environments, has been initiated.

IR-1-40 June 30, 1976
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Project Title: Materials Evaluation and Development for Sour
Environments

Contract No: E(11-1)-2602

Contractor: Case Western Reserve University
Cleveland, Ohio

Principal A. R. Troiano
Investigator: (216) 368-4234

Program Manager: Robert R. Reeber
(202) 376-4910
FTS 376-4910

Project Objective: To adapt existing materials to new uses in sour
environments.

Funding: FY 75 - $325K
FY 76 - $ 12K

Contract Term: 12/15/76-5/31/77

Reports Issued: None

I1R-1-41 Revised June 30, 1976



Project Title: Materials Evaluation and Development for Sour
Environments

Contract No: E(11--1)-2602

SUMIMtRY

Samples of two classes of commercially available alloys are being
subjected to a range of environments chosen to produce stress corrosion
cracking. Those alloys found to be resistant will be processed by ther-
mal and mechanical treatments to further improve their susceptibility
to stress corrosion cracking.

Screening tests for both commercial constructional and high strength
corrosion resistant alloys are in progress at both ambient and higher
temperatures to 290 degrees C (550 degrees F).

Work on improving heats of commercially suitable alloys is being
coordinated with Armco Steel Company.

A"i^~ 1~IR-1-42 Revised June 30, 1976



Project Title: Scale Formation and Control

Contract No: W-7405-ENG-48

Contractor: Lawrence Livermore Laboratory
Livermore, California

Principal G. E. Tardiff
Investigator: (415) 447-1100, Ext. 3946

FTS 457-3946

Program Manager: Robert R. Reeber
(202) 376-4910
FTS 376-4910

Project Objective: To develop and evaluate problems of scale
formation from geothernal deposits, particularly
the hot brines such as those of the Salton Trough
in California.

Funding: FY 75 - $600K
FY 76 - $900K

Contract Term: 7/1/74-6/30/76

Reports Issued: A. Austin, G. Higgins, J. Howard, "The Total Flow
Concept for Recovery of Energy from Geothermal Hot
Brine Deposit," Lawrence Livermore Laboratory re-
port UCRL-51366 (April 1973)

D. D. Jackson, J. H. Hill, "Possibilities for
Controlling Heavy Metal Sulfides in Scale from
Geothermal Brines," Lawrence Livermore Laboratory
report UCLRL-51977 (January 1976)

R. N. Schock, A. Duba, "The Effect of Electrical
Potential on Scale Formation in Saline Sea Brine,"
Lawrence Livermore Laboratory report UCRL-51944
(November 1975)

L. B. Owen, "Precipitation of Amorphous Silica from
High-Temperature Hypersaline Geothermal Brines,"
Lawrence Liver.ore Laboratory report UCRL-51866, to
be presented at the 1976 Spring Annual Meeting and
Journal of Volcanology, Geochemistry, and Petrology.

IR-1-45 Revised June 30, 1976



Project Title: Scale Formation and Control

Contract No: W-7405-ENG-48

SUIMARY

The purpose of the project is study of scale formation control for
brines, particularly the hot brines such as those of the Salton Trough
in California.

Fluid handling and materials studies involve investigations of the flow
and chemistry of the geothermal fluids in the reservoir through the pro-
duction well, through the energy conversion apparatus and on to disposal.
Understanding the behavior of structural materials in the brine environ-
ment is included in this category. Special problems of the hot brines
of the Salton Trough are scaling and corrosion. The details of scale
formation and corrosion will be investigated.

A field testing laboratory was built and moved to the Imperial Valley.
The test facility is being used to collect data on chemical modifica-
tions of brine to control scaling.

h-,~ * .- 1R-1-46 Revised June 30, 1976



Project Title: Development of Probes for Down Hole and In-Line
Chemical Analysis of High Pressure, High Temperature
Geothermal Fluids

Contract No: E(45-1)-i830

Contractor: Battelle Pacific Northwest Laboratory
Richland, Washington

Principal D. W. Shannon
Investigator: (509) 942-3139

FTS 444-3139

Program Manager: Robert R. Reeber
(202) 376-4910
FTS 376-4910

Project Objective: Develop probes to monitor high temperature, down
hole, geothermal fluid chemistry.

Funding: FY 75 - -
FY 76 - $ 70K

Contract Term: 7/1/75-6/30/76

Reports Issued: None

hi*^?\~~ ~1R-1-49 .Revised June 30, 1976
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Project Title: Development of Probes for Down Hole and In-Line
Chemical Analysis of High Pressure, High Temperature
Geothermal Fluids

Contract No: E(45-1)-1830

SUMMARY

This project will initiate high temperature electrochemical studies of
geothermal fluids in support of probe development and probe data inter-
pretation and will develop a basis for control of geothermal fluid chem-
istry to minimize deposition in plant and during reinjection into the
reservoir.

Measurement of pH, oxidation potential, solution conductivity and
corrosion in situ will provide a satisfactory basis of understanding
of working fluid chemistry. Present methods of monitoring geothermal
fluid chemistry after cooling and depressurization do not give an
adequate picture of local chemistry in the reservoir or in the plant.
Successful development of even simple probes for use down hole or in
the plant will improve understanding of what is happening internally
during operation and provide a basis for correction of the problem.

Work in FY 1976 will be focused establishing the feasibility of high
temperature, high pressure chemical measurements. The bulk of the
effort will be focused on development of suitable high temperature

electrodes to measure Eh , pH, and conductivity in a high pressure
geothermal environment.

This project started late in the fiscal year. Accomplishments include
the design of candidate measurement systems and coordination with other
workers in the field.

1R-l-50 April 2, 1976



Project Title: Silica Precipitation and Brine Management

Contract No: W-7405-ENG-48

Contractor: Lawrence Berkeley Laboratory
Berkeley, California

Principal John A. Apps
Investigators: (415) 843-2740 ext. 5193

FTS 451-5193

Oleh Weres
(415) 843-2740 ext. 5625
FTS 451-5193

Program Manager: Robert R. Reeber
(202) 376-4910
FTS 376-4910

Project Objective: To characterize the chemical compositions of
geothermal brines and to develop a geothermal brine
management plan.

Funding: FY 75 - --
FY 76 - $132K

Contract Term: 4/1/76-6/30/76

Reports Issued: None

1R-1-51 June 30, 1976



Project Title: Silica Precipitation and Brine Management

Contract No: W-7405-ENG-48

SUILMARY

The objectives of this project are to characterize the chemical
compositions of geothermal brines, to assist in the development of a
geothermal brine management plan, and to develop a model for use in
computer simulations of geothermal plant performance degradation.

The development of a brine management program plan has been initiatej)
as has acquisition and cataloging of available chemical data for brines
likely to be exploited during the next 10 years.

71" ss 1R-1-52 June 30, 1976



Project Title: Precipitation and Scaling in Dynamic Gcothermal
Systems

Contract No: W-7405-ENG-26

Contractor: Oak Ridge National Laboratory
Oak Ridge, Tennessee

Principal E. G. Bohlman
Investigator: (615) 483-8611, Ext. 31371

FTS 850-1371

Program Manager: Robert R. Reeber
~~. ~ (202) 376-4910

FTS 376-4910

Project Objective: Experimentation with synthetic brines under various
conditions.

Funding: FY 75 - $ 85K
FY 76 - $250K

Contract Term: 7/1/74-6/30/76

Reports Issued: None

IR-1-47 Revised June 30, 1976



Project Title: Precipitation and Scaling in Dynamic Geothermal
Systems

Contract No: W-7405-ENG-26

SUlMARY

Conditions for precipitation and scaling in dynamic geothermal systems
will be determined by modifying an existing 100 gpm titanium loop.

Solids formed under varying flow conditions, temperature (to 300 degrees
C), and brine compositions will be quantitatively characterized by
chemical analysis, metallography, crystallography and electron micro-
scopy. This loop demonstrated excellent serviceability over a period
of years in saline water corrosion studies with and without pollutant
additives such as H2S, NH3, and SO2 and should be equally satisfactory
in this application.

Preliminary experiments, varying temperature and pH in a precursor once-
through system, have produced scale that consists of conglomerates of
particles cemented to the system wall. The scale has been characterized
and is similar to that formed in geothermal brines.

1R-1-48 Revised June 30, 1976
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Project Title: Study of Silica Scaling from Geothermal Brines

Contract No: E(11.-1)-2607

Contractor: EIC Incorporated

Newton, Wlassachusetts

Principal W. W. Harvey
Investigator: (617) 965-2710

Program Manager: Robert R. Reeber
(202) 376-4910
FTS 376-4910

Project Objective: To establish kinetics and mechanisms of initial
stages of silica scale formation in synthetic brines
and indicate ways to control scale formation in geo-
thermal power plants.

Funding: FY 75 - $289K
FY 76 - --

Contract Term: 11/15/74-4/30/77

Reports Issued: None

1R-1-53 Revised June 30, 1976



Project Title: Study of Silica Scaling from Geothermal Brines

Contract No: E(11-1)-2607

SUMMARY

Homogeneous nucleation and growth of silica from brines supersaturated
in silicic acid have been studied over a range of pH(4.5-6.7), tempera-

ture (75-105 degrees C), salinity, and silicic acid concentrations (700
to 200 ppm as SO 2).

The isothermal rate of S 0 condensation is a strong function of super-

saturation (c/ceq.), pH, and salinity. Overall kinetics follow the
general theory of phase transitions and are adequately described by the

Volmer expressions tor condensation from solution. At supersaturations
less than about 3 an induction period is observed; it amounts to several
hundred minutes at supersaturations of 2. The "critical" supersatura-
tion is estimated to be near 1.7.

Primary nuclei have radii of the order of a few Angstroms. Particles
with radii of several hundred Angstroms are obtained at equilibrium.
Nuclei growth is activation controlled, at least initially. Growth
kinetics near equilibrium appear to be diffusion controlled.

The substantial effect of brine salinity on condensation rate can be
quantitatively accounted for by decreased equilibrium solubility of

H4Si0 4 with increasing salt content.

An increase of one pH unit in the range from 4.5 to 6.7 decreases the

induction period by a factor of about 10. The pH dependence of the
growth rate is consisteut with the hypothesis that H S 0 is one of the

3i i4
reacting species. Changes of temperature (75 to 105 degrees C) have
little effect either on nucleation or growth rate at a fixed initial

H4SiO4 concentration.

This result suggests that the rate increase at the higher temperatures

is compensated by lower supersaturation at the higher temperatures.

Future work will include:

(A) effects of temperature (105 to 225 degrees C) and ot cations

(Fe, Al, and other metal ions) on nucleation and growth

(B) heterogeneous nucleation on various surfaces (stainless
steel, Ti, non-metallics)

(C) Correlation of scale composition to solution composition

A scale management conference was organized for August 2-4, 1976.

1R-1-54 Revised June 30, 1976



Project Title: A Study of Scale Formation and Suppression in Heat
Exchange Systems for Geothennal Brines

Contract No: E(11-1)-2833

Contractor: Dow Chemical, USA
Freeport, Texas

Principal John S. Wilson
Investigator: (713) 238-4153

Program Manager: Robert R. Reeber
(202) 376-4910
FTS 376-4910

Project Objective: To investigate techniques for controlling scale
formation from geothermal brine.

Funding: FY 75 - -
FY 76 - $112K

Contract Term: 1/12/76-4/5/77

Reports Issued: None

1R-1-55 Revised June 30, 1976



Project Title: A Study of Scale Formation and Suppression in Heat
Exchange Systems for Gcothermal Brines

Contract No: E(ll-1)-2833

SUMMARY

Experiments will be conducted to produce controlled scaling in heat
exchangers from simulated geothermal brine. Four techniques will be
studied to control scale formation; maintain high pressure of carbon
dioxide, add surface active polymers, remove calcium by the addition
of sulfate and electromagnetic protection. Work has commenced on
installation of small heat exchangers for electromagnetic protection
experiments. The work is being done at the Dow Chemical water materials
test center in Freeport, Texas, and uses existing equipment of the
Office of Saline Water.

1R-1-56 Revised June 30, 1976
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INPUT TO EMACC ANNUAL REPORT

Division of Conservation Research and Technology

The Division of Conservation Research and Technology had responsibility
.for materials R&D in support of energy conversion and storage systems
in FY 1976. (In June 1976, a new Division of Energy Storage Systems
was formed.) In the energy conversion category, the largest effort
was on high temperature structural materials, including advanced
ceramics, for gas turbines and heat exchangers. Individual contracts
included work on processing and joining of ceramics, material property
evaluation, and oxide thermal barrier coating development for super-
alloys.

A second major effort in energy conversion was the development of
electrocatalysts, electrolytes, and other materials for fuel cells.
Materials for first generation acid electrolyte fuel cells was of
foremost interest, but some attention was also given to high tempera-
ture solid electrolytes for advanced systems.

Assessment studies were initiated in the area of materials recycling,
metals and plastics in particular. Serious thoughts were given to
expanding the assessment study on plastics to a broader study on
the increased use of polymeric materials in energy systems.

Since the Vice Chairman and project leader (J. H. Swisher) of the
COMAT Energy Task Group was a member of the Division, the COMAT study
on materials R&D needs in the entire energy program was a significant
activity for all the materials staff. A report on the near-term
program has been approved for publication.

In the energy storage category, most of the materials R&D was an
integral part of engineering projects. The best example is the high
temperature battery program, in which beta alumina development, and
separator and containment material evaluation received a great deal
of effort. In other storage projects, a significant effort was placed
on hydrogen compatibility of alloys for storage vessels and pipelines,
polymer-matrix composites for flywheels, and media for thermal energy
storage.

J. H. Swisher



Overview

Materials represent one of the major long-lead time problem areas for
power producing fusion systems. Fusion reactors present their own
special materials problems related to, but often separate from, those
of LMFBR's and other systems. The most severe of these deals with the
effects of 14 MeV neutrons and other high energy particles generated
in fusion reactors. This radiation not only results in increased bulk
radiation effects (displacement damage, void formation, helium embrittlement)
but gives rise to a whole new set of surface related effects including
neutron and charged-particle sputtering, blistering, and chemical sputtering.
Such effects are known to exist, but there is only a modest knowledge
about their magnitude, reproducibility, variability with materials, and
energy dependence. Other areas that require investigation include potential
coolant and blanket materials, compatibility with structural components,
welding and fabrication techniques, nondestructive testing, high temperature
design, and adequate electrical insulators. A part of the DMFE materials
program is the development of radiation facility concepts for testing of
materials and components.

The objectives of the program are to develop the materials and materials
technology for commercial fusion power generation. This includes the
development of new radiation resistant first wall/structural alloys, as
well as the development and testing of other materials such as insulators,
advanced superconductors, moderator and breeding materials, and materials
for power-conversion systems. The general requirements have been assessed
in various system studies as well as by the DMFE Materials and Radiation
Effects Branch and are being incorporated into a program plan. Task groups
are being formed to assess the detailed technical requirements for commercial
reactors and intermediate systems and to establish tasks and milestones to
meet them.

The DMFE Reactor materials program is divided into five research and
development areas as follows:

1. Alloy Development and Irradiation Performance
2. Plasma - Materials Interaction
3. Special Purpose Materials Development
4. Damage Analysis and Dosimetry
5. Radiation Source Development and Operation

The total DMFE materials program is funded at $7.0 million in FY 1976.
A booklet entitled "Programs of the Materials and Radiation Effects Branch",
Division of Magnetic Fusion Energy is available on request.

i
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1. Alloy Development and Irradiation Performance

FY 1976 Funding: $1.8 Million
Contractors: HEDL, LLL, LASL, ORNL, PNL, Universities

The objective of the Alloy Development and Irradiation Performance
area is to provide the materials development and application for those
structural materials which are subject to significant radiation damage.
The prime technical objective is the development of a structural
material for the first wall and structural elements for the blanket
and shield of a commercial fusion power reactor.

The scope of these activities includes (a) the definition of material
requirements that are needed to satisfy fusion power system design
goals including the Experimental Power Reactor (EPR), the Demonstration
Plant (DEMO) and Commercial Fusion Reactors, (b) the evaluation of
existing materials to meet those goals, (c) the development of new
materials where they are required to achieve those goals, and (d) the
development of the materials radiation data base required for design,
construction and operation of fusion power systems.

2. Plasma-Materials Interaction

FY 1976 Funding $1.7 Million
Contractors: ANL, GA, ORNL, PNL, Sandia, Universities

One of the major objectives of the Plasma-Materials Interaction
area is to support the Alloy Development and Irradiation Performance
task. The scope of Plasma-Materials Interactions, however, is much
broader since the impact of this technical area is very important
in near-term confinement systems, such as tokamaks. The approach
is to treat the plasma-wall interaction as an integral problem
covering both the effects on the plasma as well as the effects on
the first wall.

Specific objectives are:

· To treat surface effects from the standpoints of plasma
contamination, wall erosion, and device efficiency

. To contribute to the solution of problems in confinement
experiments over the near term while developing the data
base for dealing with possibly more severe problems in reactors

To evaluate surfaces as part of a completely integrated system
consisting of the plasma and its perimeter, the external blanket,
subsystems for vacuum pumping, fueling and ash removal, and
possibly bumpers or divertors
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To develop new materials resistant to surface damage in
concert with overall alloy development tasks for commercial
fusion power.

3. Special Purpose Materials Development

FY 1976 Funding: $0.8 Million
Contractors: ANL, BNL, LASL, ORNL, PNL

This technical area covers the development of materials other than
first wall/structural materials described previously. Included are
the following materials applications:

· Advanced superconductors

· Structural materials for superconducting magnet support

Insulators for superconducting magnets

Insulators for structural applications such as the theta
pinch first wall

Insulators for components such as neutral beams

Moderator and breeding materials

Materials for heat transfer systems and power-conversion
(secondary) systems

Others as they become identified

4. Damage Analysis and Dosimetry

FY 1976 Funding: $0.9 Million
Contractors: AI, ANL, BNL, HEDL, LASL, ORNL, Universities

The objectives of the Damage Analysis and Dosimetry area are to
characterize available irradiation test environments and to establish
a basis for predicting materials performance under irradiation in a
fusion reactor environment. This will be accomplished by materials
irradiation data obtained in fission reactors, accelerator based
neutron test environments and charged particle irradiations.

The scope of the Damage Analysis and Dosimetry area includes
development and application of the methodology and nuclear data
base required for characterization of the neutronic and damage
parameters of the reactor and test environments, the development
of fundamental radiation damage models, the development of methods
to account for interactive phenomena in the evaluation of damage
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structures, the relationship of structure and damage parameters
to property changes, and the application of the above to the
prediction of material performance in fusion reactor systems.

5. Radiation Source Development and Operation

FY 1976 Funding: $1.8 Million
Contractors: ANL, BNL, LASL, LLL, MIT

The objectives of this area are to define the radiation environment
of fusion reactors and to pursue the development of neutron and
plasma sources to simulate this environment for materials testing.
Since fusion reactors are not now available for testing, high
energy neutron and plasma sources are needed to develop materials
for commercial fusion power.

High energy neutron sources are based on the deuterium-tritium (DT)
reaction to produce 14 MeV neutrons and on the Li(D,n) and Be(D,n)
stripping reactions to produce a broad neutron spectrum of high energy.
Two DT neutron sources authorized for construction by Congress are
the Rotating Target Neutron Source, RTNS, being built at LLL and the
Intense Neutron Source, INS, being built at LASL. The RTNS is designed
for 14 MeV neutron fluxes on the order of 2 x lOln/cm2-sec at the
specimen, while the INS is designed for 14 MeV fluxes of up to 104n/cm2 -sec
at the specimen. Proposals for a Li(D,n) neutron source of much larger
volume and higher flux are under evaluation. This source will have a
distributed spectrum which has been shown in the past year to be an
excellent simulation of the fusion reactor damage spectrum.

Fission reactors are used in the program for testing of nickel-bearing
materials because of the two stage reaction for helium production in
mixed fast and thermal reactor spectra. Thus, fission reactors permit
simulation of helium/dpa damage accumulation similar to that which
occurs in fusion reactors. Unfortunately, this statement is true only
for nickel-bearing alloys,and high energy neutron sources are
needed for all other materials.

The above sources will be used to accumulate neutron radiation data
for materials development as well as to contribute to an understanding
of damage analysis and extrapolation of fission reactor data to the
high energy fusion reactor spectra.



Title: Blended Cements (Energy Conservation in Cement Through
Waste Use)

Contractor: National Bureau of Standards
Washington, D. C.

*Principal Investigator: Dr. James Clifton
(301--921-3275)

FY 1976 Funding: $100K (FY 1976 Start)

Objective and Scope

To reduce the energy consumed in the manufacture of cement by blending

fly-ash or slag with kiln-fired cement.

Commercial acceptance of blended cements would significantly reduce
the energy consumed in the manufacture of portland cement; the percent
savings being approximately proportional to the percentage of additive
material. To promote the greater utilization of blended cements, lab-
oratory data are being developed to demonstrate their relative perfor-
mance characteristics, including sulfate resistance, soundness and
alkali-aggregates reactions. The resulting data will support develop-
ment of industrial specification standards for blended cements.



Title: Effects of Alternate Fuels on Refractories and Refractory
Insulation

Contractor: Oak Ridge National Laboratory
Oak Ridge, Tennessee

Principal Investigator: Dr. V. J. Tennery
(615-483-1670)

FY 1976 Funding: $140K (FY 1976 Start)

Objective and Scope

To provide industry with technical data for selection and operation
of refractories resistant to the corrosive effects of alternate fuels
(e.g. oils and coal).

Potentially detrimental effects of alternate fuels on generic classes
of refractories are being identified and compared with available
industrial and literature data (Sub Task A). Selected refractory
system - alternate fuel screening tests will be conducted to verify
and supplement available data. Based on these results, refractory -
alternate fuel tests will be conducted under field conditions under
industrial operating conditions. Results obtained from this project
will identify the magnitude of problems with different classes of
refractories, provide guidance for materials selection and operational
limits for furnace operations, and, to identify R&D targets for
improved refractory materials, combustion systems or fuels.



Title: Assessment of Industrial Thermal Insulation Technology

Contractor: Oak Ridge National Laboratory
Oak Ridge, Tennessee

Principal Investigator: Ralph G. Donnelly
(615-483-1265)

FY 1976 Funding: $50K (FY 1976 Start)

Objective and Scope

To assess the status of industrial thermal insulation technology
including suitability of materials, availability of property data,
and evaluation of testing procedures.

The assessment was based on the sum inputs of insulation manufacturers
and users, system designers, installers, consultants and measurement
laboratories. Conclusions and recommendations were formulated in the
following areas:

o Available insulation materials

o Energy conservation applications for insulation

o Economics of insulation

o Quality and quantity of thermal data, and,

o Methods for determing thermal properties

A final report was published in March, 1976: Industrial Thermal
Insulation - An Assessment, ORNL/TM-5283.



Title: Characterization of Paper Pulp Fibers

Contractor: National Bureau of Standards
Washington, D. C.

Principal Investigator: Dr. Edward L. Graminski
(301-921-3275)

FY 1976 Funding: $120K (FY 1976 Start)

Objective and Scope:

To reduce the energy consumed in the production of paper through develop-
ment of optical imaging methods for rapid characterization of pulp
fibers.

The availability of a rapid method for classification of pulp fibers
would promote increased utilization of recycled paper and would permit
more efficient processing of virgin stock. For the development of
optical-imaging methods, laboratory correlations of fiber optical
characteristics and mechanical properties of papers will be determined.
Mathematical algorithmics for the optical characteristics of fibers will
be developed, and used for the development of on-line instrumentation.



Title: Conservation in the Lime and Cement Industry by Steam
Calcination

Contractor: Brookhaven National Laboratory
Upton, L.I., New York

Principal Investigator: Dr. Meyer Steinberg
(516-664-3036)

FY 1976 Funding: $50K (FY 1976 Start)

Objective and Scope

To reduce the energy consumption for calcinating lime and cement by
about 25 percent through the use of steam catalysis.

Prior experimentation has shown that steam can reduce the calcination

temperatures for lime and cement by about 200 C° and results in more
active products. Laboratory experiments will be performed to identify
the process parameters of steam - enchnced calcination and to evaluate
the relative reactivities of the products. The laboratory data will
be used as the basis for pilot-plant studies and leading finally 8
full-scale demonstrations.




